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LIGATION AND DIVISION OF THE ABDOMINAL AORTA 
FOR METALLIC EMBOLUS FROM THE HEART 

POSTOPERATIVE OBSERVATIONS OF THE CIRCULATION IN THE EXTREMITIES 

Frederick W Cooper, Jr , M D , M H Harris, M D , 

AND J W Kahn, M D 

FROM THE VASCULAR SURGER\ CENTER, ASHFORD GENERAL HOSPITAL 
WHITE SULPHUR SPRINGS WEST VIRGINIA 

Since the original rcpori by Sir Astley Cooper, m 1817, of ligation of 
the abdominal aorta for aneurysm, the method and results have interested 
many surgeons The first successful case of ligation of the terminal aorta was 
reported by Brooks, m 1926 The subject was reviewed by Bigger,^ Elkin, ^ 
and Matas,^ in 1940, vith discussion of the problems involved and of the 
complications which frequentlj’’ follow Gangrene, erosion of the vessel, 
hemorrhage, and recurrence of the aneurysm are common 

These authors collected a series of 30 cases of ligature of the abdominal 
aorta for aneurysm of the aorta or of the common iliac vessels Elkin^ 
included four instances of ligation of the aorta for trauma or tumors Morton 
and Scott^ reported an additional case of ligation for aneurysm of the bifur- 
cation of the aorta in 1944, with the patient living for seven months Another 
case was reported by Monohan^ with survival for three months Both of 
these cases died of hemorrhage resulting from erosion into the small intestine 
Ormond, Harkins, and Smith® reported a case of ligation of the aorta for a 
ruptured aneurysm, with the patient surviving for one day Nario"^ reported 
a case of partial ligation of the aorta for aneurysm of the aorta and common 
lilacs, with suiAuval Delannoy® excised the bifurcation of the aorta for throm- 
bosis with recovery m 1945 Frieh and MoreF successfully excised the bifur- 
cation of the aorta for thrombosis, with postoperative improvement in the 
circulation of the extremities , a bilateral lumbar sympathectomy was 
performed 

Of the 36 cases appearing in the literature only 12 have been to any 
degree successful 

The following case is reported since it is the only one in which excision of 
the bifurcation of the aorta was necessitated by erosion of a portion of the 
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was performed on four occasions, and by June 13, I 945 » the mediastinum had returned 
to Its normal position (Fig 2) , the murmur over the precordium diminished 

On June 21, 1945, he suddenly complained of pain, coldness, and numbness of the 
right foot On examination, there was no palpable dorsalis pedis pulsation on the right 
although the one on the left was good The following day the femoral pulse on the right 
also disappeared, the pulsations of the arteries of the left lower extremity diminished 
On June 24, 1945, a roentgenogram was taken which showed the 45-caliber bullet at 
the bifurcation of the aorta At this time the left dorsalis pedis pulse had disappeared, 
with the femoral pulsation definitely diminished 



Fig 2 — Retouched roentgenogram following disappear- 
ance of the hydropneumothorax, with the foreign body in 
the heart 


During the following two weeks the murmur over the precordium diminished in 
intensity, and the palpable pulsations in the lower extremities varied, although faintly 
palpable on either side The condition of the feet continued “good, without edema ” 

On July 12, 1945, a left paravertebral lumbar sympathetic block was performed 
An attack of severe, sharp, stabbing precordial pain radiating to the abdomen and 
right hip region occurred on July 22, 1945 A very loud systolic murmur was heard over 
the entire chest, the abdomen was rigid, with tenderness most marked in the right lower 
quadrant Pulsations were felt in both dorsalis pedis arteries It was believed that m 
view of the changes m pulsations in the extremities that the pain had been produced by 
shifting of the bullet in the aorta or by a dissecting aneurysm of the aorta It was also 
feared that blood had leaked into the peritoneal cavity, but the pam and tenderness disap- 
peared within two days During the following nine days the pulse m the right lower 
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DIVISION OF AORTA FOR EMBOLUS 


region revealed a large metallic foreign body lying at the third lumbar interspace 
slightly to the left of the midline (Fig 4) The mass pulsated with a downward motion 
in time with the pulsations of the aorta 

Elecirocm diagram revealed a normal sinus rhythm, PR interval of 20 Sec, QRS 
complexes 07 Sec, T2 notched and T3 diphasic 

White blood count was 6,750 with hemoglobin of 15 Gm , urmalysis was normal 
Frei test was positive, Kahn negative 

The soldier’s hospital course was uneventful until December 8, 1945, when, while 
sitting m church, he had another episode of substernal pain followed by radiation to the 
left chest, into the abdomen and into both inguinal regions Shortly thereafter he became 
nauseated and vomited Physical examination was essentially unchanged except for a 
rigid abdomen All signs and symptoms subsided within three days 



Fig 4 — ^Roentgenograms of the abdomen with the foreign body at the bifurcation of 

the aorta 


Since the patient complained of recurrent attacks of chest and abdominal pain, it was 
feared that the abdominal aorta was being eroded by the irregular foreign body and that 
eventual rupture of the vessel would occur This belief was partially substantiated by 
fluoroscopic examination which demonstrated motion of the foreign body and by the 
evidence of peripheral vasospasm in the lower extremities from irritation of the aortic 
wall An operation was planned m which an attempt would be made to remove the 
foreign body from the aorta 

Operation — December 28, 1945 Under gas, oxygen, and ether anesthesia, a left 
paramedian incision was made The bifurcation of the aorta was exposed transperi- 
toneally, with vertical incision of the posterior peritoneum just to the left of the midline 
The aorta was approximately one-half of its normal diameter and was tightly constricted 
about the foreign body A fusiform dilatation was present m this region, with partial 
erosion of the wall The common iliac vessels did not pulsate The aorta was mobilized 
below the mferior mesenteric artery and a small soft rubber tube placed beneath it The 
common iliac vessels were similarly mobilized with rubber tubing placed around them 
In view of the erosion of the vessel wall it was believed that removal of the foreign 
body with restoration of continuity of the vessel was not possible Bulldog clamps were 
placed on the common iliac vessels and the skin surface temperatures of the feet observed 
After a period of observation for 15 minutes during which the skin surface temperatures 
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did not change (Fig 5), the iliac vessels were doubly ligated with double-zero braided 
silk, transfixed, and divided 

The vessels were found to be obstructed at the bifurcation by partially organized 
thrombus The bullet was removed from the aorta (Fig 7) The lumen at the aortic 
bifurcation was filled with a partially organized thrombus which surrounded the foreign 
body and was firmly adherent to the initial lining Bleeding from the middle sacral 
artery was encountered when the thrombus was removed and was controlled by ligation 
of the vessel The aorta was ligated immediately below the origin of the inferior mesen- 
teric artery This occlusion was accomplished b> two ligatures of double-zero braided 



Fig S — Skin-surface temperatures of the first toes during the operative procedure and 

for the ten daj^s following operation 


silk and a transfixion suture A portion of the eroded aorta was removed (Fig 6) The 
posterior and anterior peritoneal incisions were closed with a continuous catgut suture 
The abdominal wound was closed in layers with fine silk sutures Skin surface temper- 
atures of the first toes were recorded every five minutes during the operative procedure 
Postoperatively, the skin surface temperature of the feet were observed as charted 
(Fig 5) Sympathectomy or sympathetic blocks were not considered necessary Anti- 
coagulants or drugs for vasodilatation were not used Skin resistance determinations were 
normal postoperatively confirming the presence of normal sympathetic innervation of the 
lower extremities 

During the first three postoperative days oral temperatures varied from 99° to 
100“ F During this period the skin surface temperatures of the first toes remained 
abnormally high These findings demonstrated a normal vasomotor response in the 
extremities to elevation of general body temperature These temperatures returned to 
normal levels on the 4th postoperative day, when the fever subsided Temperature 
recordings were made dailj for ten days after operation 
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The response of the skin surface temperatures of the first toes to changes in 
emironmental temperature i\as determined on the 65th postoperative day The patient 
was exposed, vith all clothing removed, m a constantlj’’ controlled temperature room for 
30 minutes before the test was begun The temperature of the room was maintained at 
76° F for one hour as control and readings were recorded The temperature was then 
lowered to 64° F (cold room) for one hour, temperatures were recorded at ten-mmute 
intervals The room was tlien heated to 85° F (warm room) for one hour, and responses 
in skin temperature of the first toes were recorded as shown in Figure 8 Change from 
the 76° F level of the room to 64° F was completelv effected \vithin ten minutes 



Fig 6 — Artist’s conception of the operative procedure The foreign body had been 
removed and a portion of the injured aorta excised An additional segment of the 
damaged aorta is being excised 


Similarly the change from 64° F to 85° F was attained within ten minutes The tem- 
perature levels of the normal, cold, and warm environments \vere constant The humidity 
was controlled at low saturation levels 

Subsequent Course — It can be seen from the variations in skin surface temperatures 
that the normal vasomotor mechanism has remained sufficiently labile to insure the patient 
a tolerance for environmental change in temperature Both lower extremities responded 
similarly to the changes 

Five months after operation the oscillometry and skin surface temperatures of the 
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extremities were again determined (Fig 3) It can be seen that at the time of the 
initial examination the occlusion of the aorta was not complete , the complete obliteration 
of its lumen probably occurred at the time of the severe abdominal pain 20 days prior 



Fig 7 — The foreign bodj removed at operation 
Multiple irregular projections are present 



Fig 8 — Skin surface temperature studies of both first toes in constantly controlled, 
room at normal, cold, and warm levels 65 days following ligation and division of 
descending aorta and both common iliac arteries 


to operation At the end of five months the formation of adequate collateral circulation 
IS shown by the greater skin surface temperatures in both lower extremities at levels well 
above the normal, as compared with subnormal readings preoperatively This is par- 
ticularly significant since the oscillometrj’’ postoperatively is at levels indicative of major 
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arterial obstruction The decrease in pallor of the right foot on elevation and continued 
absence of pallor in the left foot on elevation further confirms the presence of improved 
collateral circulation Since the oscillometry had originally been less on the left it can 
be assumed that obliteration of the common iliac of that side occurred first, and that a 
greater period had elapsed for the establishment of collateral channels 

The patient believed that he had been benefited by operation He stated that he was 
able to walk greater distances without tiring and that he had had no recurrence of the 
abdominal or chest pain 


The conditions present m this case gave an ideal sequence leading to 
ligation of the aorta The patient was young with the vascular elasticity of 
youth Occlusion of the aorta was not sudden but progressed over a pei lod of 
several weeks, with variations in the completeness of obstruction to blood 
flow Finally, at the time of operation, the vessel had become completely 
occluded with an adequate collateral circulation established Operation in this 
instance, actually, immediately improved the circulation m the legs as mani- 
fested by the prompt rise m skm surface temperatures of the toes (Fig 5) 

The immediate rise in skin surface temperatures of the toes, after the 
aorta had been ligated with the subsequent greater postoperative elevation, is 
probably accounted for on the basis of relief from the reflex vasoconstriction 
of the distal arterial bed (Leriche and Werquin^^) produced by the constant 
trauma and irritation of the arterial wall and periarterial sympathetic plexus 
by the irregular foreign body 

It has been stressed by Brooks,^® that absence of pulsations in the femoral 
arteries is indicative of adequate collateral channels for blood supply to the 
lower extremities in the presence of an aneurysm of the abdominal aorta 
Brooks,^®’ Blalock and Johnson^®’ have also shown that such a ligation 
of the abdominal aorta places no additional strain upon the heart by increased 
peripheral resistance, which one would suppose to follow obstruction of that 
vessel It was shown by them that the cardiac output is decreased and that 
there is little change in the blood pressure in the artery proximal to the 
occlusion 

The collateral circulation probably develops through the anastomoses of 
the inferior mesenteric with the inferior hemorrhoidal arteiies, the inferior 
epigastric artery with the superior epigastric artery, and, through the two 
lower lumbar and iliolumbar arteries with the internal iliac arteries The 
anastomoses of the lumbar, iliolumbar, and internal iliac arteries were excel- 
lently demonstrated by Morton and Scott^ in a case of ligation of the aorta by 
injection of a radiopaque liquid latex mass at the time of autopsy seven months 
after partial ligation of the aorta 

It has been the common practice to use a broad cotton tape, rubber or 
metallic bands for occlusion of the aorta 

stressed by Holman’-^ that with ligation of the vessel in continuity the maxi- 
mum force of each arterial pulsation is concentrated at the site of ligation, 
whereas, following ligation and division the force of each pulsation is dissi- 
pated by expansion and elongation of the thickened, retracted proximal seg- 
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ment with less strain at the point of ligature Erosion of the arterial wall with 
subsequent partial restoration of the lumen of the vessel or rupture^’ ^ fre- 
quently follow ligation ivithout division, even though large ligatures are used 
In the case reported, occlusion of the vessel was accomplished wnth double- 
zero braided silk ligatures followed by complete duision of the aorta It is 
believed that wuth ligation and division of the large vessels, ligatures of small 
size may be used with safety 

SmiMAHY AND CONCLUSION 

1 Thirty-six cases of partial or complete ligation of the abdominal aorta 
appear m the literature, with 12 of these cases successful 

2 An instance of ligation and excision of a portion of the abdominal aorta 
for a metallic embolus from the heart is presented 

3 Postoperatively, the distal vascular bed w'as relieved of vasospasm pro- 
duced by the foreign body 

4 The low'er extiemities reacted normally to changes in environmental 
temperature after aortic division 

5 Collateral circulation developed rapidly wuth increase in tolerance for 
exercise 

6 S} mpathectomy or sympathetic blocks were not considered necessary 
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ONE-STAGE RESECTION AND ANASTOMOSIS OF THE COLON 

UTILIZING THE FUKNISS CLAl^IP 

J William Hinton, M D , and S Arthur Localio, M D 

Nfw York, N Y 

The PENDULUM 01 SUKOLK^ of the large intestine has returned to its 
starting point Modern writers again advocate colon resection with primary 
anastomosis and without complementary colostomy It is our purpose to 
discuss the reasons for this trend and to present a technic of resection and 
anastomosis which has produced satisfactory results 

The first reported resection of the colon was performed by Reybard-® in 
1833 He chose end-to-end anastomosis as the most logical means of re- 
establishing continuity of the intestine His patient, like the second case 
reported by Thiersch^” in 1875, of peritonitis It Mas not until 1881 
that a successful case M’as recorded by Kohler In 1889, Billroth^ anal3’’zed 
17 cases, with the forbidding mortality of 60 per cent It is not surprising 
therefore, that when von Mickulicz’^ reported 24 operations for resection of 
the colon by means of the exteriorization method that bears his name, ivith 
a mortality of only 16 6 per cent, surgeons hailed this method as a great 
modern advance m surgery of the colon Von Mickulicz^^ did not claim 
originality for this procedure In one of his early papers he refers to the 
work of Bloch'* m 1S92 Traditionally, Paul-® has also been given credit for 
having independently utilized the operation in 1895 However, it is not 
generally known that Heinecke” wrote of the exteriorization method m his 
“Vorlagerung und Extrapentoneal Resektion” tAvo years before Bloch *■* 
The multiple-stage exteriorization operation, or one of its modifications, 
has been the operation of choice for resection of the colon at all levels, ex- 
cluding the rectum As experience grcAV, certain disadvantages became ap- 
parent Multiple operations, cvith the accompanying multiple operative risks, 
are necessary In addition, there is a high incidence of complications, such 
as wound disruption, wound infection, persistent fistulae, and postoperative 
herniae Convalescence and hospitalization are prolonged The artificial 
anus, although temporary, is an annoyance In order to create adequate spur 
there may be a tendency to save colon and its mesentery and, thereby, to 
jeopardize the efficacy of the cancer operation The danger of local implants 
of carcinoma on the abdominal ivall has largely been abolished by the ob- 
structive resection of Rankin However, this operation requires temporary 
complete obstruction of the colon 

Proponents of multiple-stage colonic surgery state that the low mortal- 
ity possible with this operation outweighs its disadvantages , Rankin^®’ 
Lahey,*' Cheever,® in 1931, reported comparable series of cases and showed 
that in their hands, one-stage resections, with anastomosis and a proxi- 
mal vent for decompensation, had a loiver mortality than the exteriorization 
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procedures Harvey/® Wilkie/® MacFee/^ Finsterer/ Joll/^ Gibbon and 
Hodge/ and Stone and McLanahan^® gave similar statistics According to 
Gibbon and Hodge, the combined mortality of their cases and those of Mac- 
Fee,^^ Wilkie,®® and Stone,®® representing 246 primary aseptic colonic resec- 
tions, some with and some without a proximal vent, was 14 per cent Coin- 



Fig I — Blood Supply of the Colon (after Jones and 
Shepard) ^3 Right colic artery supplies terminal ileum 
and caecum through ileocolic branch Ascending colon 
supplied by secondary right colic branches Marginal 
anastomotic branch meets branch from middle colic at 
hepatic flexure Middle colic artery supplies hepatic 
flexure, and transverse colon, gives off long anastomotic 
marginal artery which together with branch from left 
colic artery supplies entire transverse colon and a portion 
of the hepatic flexure Left colic artery supplies splenic 
flexure and descending colon Two or three sigmoidal 
arteries given off by the inferior mesenteric supply the 
sigmoid colon The continuation of the inferior mesen- 
teric IS called the superior hemorrhoidal, this supplies the 
rectosigmoid The middle and inferior hemorrhoidal come 
off the hypogastric artery Note the poor blood supply on 
the anti-mesenteric border of the intestine and the absence 
of anti-mesentenc border anastomoses 
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cident with the introduction of the Miller-Abbott tube for decompression in 
resections of the right colon, and the use of intestinal cliemotherapeusis, tins 
mortality has been reduced further White and Amendola^'' report a mor- 
tality of 1 1 per cent, Babcock^’ “94 per cent, Meyer, et al 5 per cent, 
Waugh®"* 4 per cent, and Wangensteen®®* ®® i 7 per cent 

Most writers agree that a proximal colostomy or ileostomy is not neces- 
sary m the patient who is not suffering from obstruction, Harvey,®® Mayo and 
Simpson,®® Stone and McLanahan,®® Wangensteen,®®* ®® Waugh,®® Meyer, et 
al ®® Others, Babcock,®* ® and Dixon,® continue to recommend a proximal 
vent Generally, it is believed that an aseptic anastomosis is desirable, al- 
though Meyer®® has recently reported a senes of 20 open anastomoses, with 
a mortality of only 5 per cent 
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We are reporting a series of 26 consecutive colonic resections, covering 
all regions of the colon above the peritoneal reflection, which were done in 
one stage without a proximal colostomy or ileostomy, and anastomosed asep- 
tically with the Furniss clamp, with a mortality of 3 8 per cent (Table I) 
The one fatality occurred with the dramatic suddenness of a pulmonary 
embolus on the fifth day, while the patient, ambulated early, was returning 
from the lavatory There were three abdominal complications in this series 
(Table I) Two patients obstructed postoperatively, one required intestinal 
intubation and the other an ileostomy A third patient developed peritonitis, 
an intraperitoneal abscess and a fecal fistula due to a faulty anastomosis 
This patient was hospitalized for 76 days 

The postoperative hospital stay of this group of patients varied from 7 
to 76 days, and averaged 19 days 
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Careful selection, adequate pre- and postoperative treatment, and attention 
to details are prerequisites for success in this field of surgery. Only nonob- 
structed patients are selected for this procedure. The obstructed patient is not 
a candidate for one-stage resection and anastomosis without a proximal vent 
He IS first treated for intestinal obstruction by appropriate medical and sur- 
gical decompression 

Five to seven days are allowed for preoperative preparation During this 
period, aberrations are corrected m fluid and electrolyte balance, anemia, hypo- 
proteinemia, and vitamin deficiencies In addition, vigorous attempts are made 



Fig 6— Colon prepared for application of Fig 7— Limbs of colon ro- 

clamp tated medially Clamp applied 

at 45 degree angle to anti-mes- 
enteric border 

to replenish the stores of tissue proteins Our patients receive per day, 2,000 
cc of amigen, 500 mg of ascorbic acid, and 200 mg of vitamin B-complex 
parenterally Anemia is corrected by transfusion of whole blood. The patient 
IS placed upon a high protein, low residue, diet Purging with magnesium 
sulphate is carried out for the first two days of preoperative preparation 
Throughout tlie period the patient receives 12 Gm of succmylsulfathiazole 
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per day At operation, the colon will be found collapsed and free from fecal 
material 




Fig 9 — Specimen removed Limbs of in- 
testine held firmly by clamp and pin 




c ' ^ According to Kerr,^**’ about 250 

(f \ methods of intestinal anastomoses 

J,J ) have been reported Of these meth- 

(( — 45 aseptic or nearly 
'' aseptic We have chosen to perform 

Fig 8 — Furniss clamp applied Specimen aseptic anastomosis of the colon be- 
ready for excision r i ^ i 

cause we feel that in spite of chemo- 
therapeutic antisepsis of the colon, modern surgical thought dictates that 
contamination, no matter how innocuous, be kept to a minimum The 
method of anastomosis which we have found useful was first described by 
Furniss^ in 1934, and utilizes a clamp that retains the soundness of the 



Fig 10 — Stay sutures placed before removal of 
clamp Limbs to be anastomosed, held by pin First 
anterior row of interrupted Lembert sutures placed 
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Fig 13 — Colon, rotated back to normal position Second 
anterior row of Lembert sutures placed 



Fig 14 — Diaphragm opened by manipulation and 
patency of anastomosis tested Defect of mesentery re- 
paired by interrupted sutures 
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Parker-Kerr^'* basting stitch but simplifies the technical steps of the procedure 
Furniss® advised the use of two clamps for anastomosis of the colon He felt 
that because of the thickness of the wall, a single clamp would not give ade- 
quate pinning The McClure-® modification of the Furniss clamp corrects this 
deficiency of the oiiginal instrument, and only one clamp has been found 
necessary 



Fig 17 — Furniss clamp placed to include tent of 
transverse colon and ileum Distal ileum to be sacrificed, 
placed against tent of transverse colon at superior surface 
of clamp Proximal ileum to be preserved at inferior 
surface of clamp 



passed Terminal ileum and transverse colon 
tent ready for excision 


The primary consideration of surgery of the colon is removal of the growth 
with the regional lymph nodes according to the dictates of good cancer sur- 
gery In addition, the resection must be performed so that an adequate blood 
supply IS available to the severed ends which will be opposed Figures i, 2, 3, 
4 and 5 illustrate the anatomy of the blood supply of the colon, and the ves- 
sels that are preserved for resections at various levels In 1917, Lockhart- 
Mummery’^® emphasized that a safer end-to-end anastomosis could be per- 
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Fig 19 — Guide sutures applied before removal of 
clamp Ileum pinned to transverse colon and first ante- 
rior row of mterrupted Lembert sutures applied Speci- 
men excised by placing second Furmss clamp across 
transverse colon Aseptic closure of blind end done with 
Furmss clamp 



Fig 20 — Ileum elevated and first posterior row of Lembert 

sutures placed 
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formed if the ends were cut at an angle of 45 degrees from the mesenteric 
border, due to the fact that the arteries to the antimesentenc tip of the bowel 
if cut at a 90 degree angle might be insufficient to maintain viability (Figs 3 
and 4) Sealing of an anastomosis occurs by serosal union, hence, excess fat 




Fig 22 — Second anterior row of sutures placed 


and appendices epiploicae in the proposed line of suture are carefully removed 
before the clamp is applied 

The segment to be resected is prepared with these considerations (Fig 6) 
m mind The bowel is rotated 90 degrees, the medial surfaces are opposed 
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and held with Allis damps The Furmss damp is applied as shown in Figure 
7 The damp is locked, the pm passed, straight damps are passed across the 
segment to be sacrificed (Fig 8), and the colon is resected flush with the 
Furmss clamp, using a knife moistened with pure carbolic acid (Fig 9) 



Fig 23 — Diaphragm opened by manipulation Patencv 
of anastomosis checked 



The excess carbolic is removed with alcohol, and the colon is ready for anas- 
tomosis Stay-sutures to take the tension from the intestine and prevent tear- 
ing, are placed at the mesenteric and antimesentenc borders, and the clamp 
removed (Fig 10) A single row of anterior cotton Lembert sutures is placed 
(Fig 10), the intestine is rotated, a posterior row of similar sutures is placed, 
and the pm is removed (Fig ii) A second row of interrupted cotton 
Lembert sutures is placed, and the mesentery repaired (Figs 12 and 13) 
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The diaphragm that has been formed by the clamp is opened by manip- 
ulation with the thumb and forefinger (Figs 14 and 15) Sutures are placed 
down to, but not through, the mucosa We believe that firmer, faster, and 
more accurate union is obtained with nonabsorbable sutures Interrupted 
fine cotton sutures are chosen for anastomosis, and for closure of the abdom- 
inal wall Drainage of the peritoneal cavity and wound has not been found 
necessary 

The principle of resection and anastomosis of the right colon is the same 
although some of the technical steps are different An end-to-side anastomosis 
is performed The Furniss clamp is placed across the ileum and a tented 
portion of the transverse colon Care must be exercised to insure that the 
full- thickness of the wall of the colon is incorporated in the Furniss clamp 
This is best accomplished by drawing up a tent of transverse colon with Allis 
clamps that bite through all the layers (Figs 16, 17 and 18) The remainder 
of the technic is illustrated in Figures 19 to 24 

A transfusion of whole blood is administered immediately postoperatively 
A Levine tube is left in the stomach, suction is not used Fluids are permitted 
by mouth, excess gastric residue siphoned off by the Levine tube Nutrition 
is maintained by infusion of amigen and glucose in distilled water Each liter 
of amigen contains 2 5 Gm of sodium chloride, and it is important, therefore, 
to prevent salt retention and tissue edema by supplying additional fluid as 
glucose in distilled water When the patient passes gas by rectum, the Levine 
tube IS removed, parenteral feeding is gradually discontinued, and oral feeding 
gradually liberalized Low residue foods are usually tolerated and retained by 
the third day Cathartics, rectal tubes, and enemata are avoided The bowels 
move spontaneously between the third and fifth days Occasionally, it has been 
found necessary to stimulate the lower colon by means of glycerin supposi- 
tories All patients are ambulated on the first postoperative day, and daily 
thereafter They are urged to use the bathroom facilities rather than the bed 
pan Succinylsulfathiazole is used postoperatively 

CONCLUSIONS 

1 One-Stage resection of the colon without proximal colostomy is a safe 
procedure for nonobstructing lesions 

2 The mortality, morbidity, and hospital stay are reduced 

3 Careful preoperative preparation, and attention to details of operative 
and postoperative treatment are essential for success 

4 We have found that aseptic anastomosis with the Furniss clamp is a 
satisfactory and simple method 
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THE ARTERIAL SUPPLY OF THE DISTAL COLON PERTINENT TO 
ARDOMINOPERINEAL PROCTOSIGMOIDECTOMY, WITH 
PRESERVATION OF THE SPHINCTER MECHANISM 

Haehy E Bacon, M D , and Caleb H Smith, M.D 

Philadelphia, Pa. 

FROM THE DEPARTMENT OF PROCTOLOG\ TEMPLE UNIVERSITV 
MEDICAL SCHOOL AND HOSPITAL, PHILADELPHIA PA 

The arterial pattern of the colon has been a fundamental factor in 
determining the types of surgical procedures which can be successfully 
applied to that segment of the intestinal tract In the surgery of the sigmoid 
and rectum the configuration of the arteries supplying these areas has been 
a particularly important consideration 

It would seem timely to correlate the design of the arterial supply of the 
sigmoid and upper rectum with the technic of abdominoperineal proctosig- 
moidectomy without colostomy and with preservation of the sphincter mech- 
anism because of the increasing interest in this type of procedure Moreover, 
Sunderland® has recently added significantly to the many important studies 
of the arteries to the distal colon 

In the development of the present technic of abdominoperineal proctosig- 
moidectomy with preservation of the sphincter mechanism, extensive precau- 
tions have been taken to insure the viability of that portion of the colon w'hich 
IS brought down to the perineum The feasibility of the operation w^as first 
established in animals In 71 cadavers the vascular supply of the colon and 
rectum and the mobilization and transplantation of the viable bow'el to the 
anus were proven to be practicable In every operative case the pattern of the 
inferior mesenteric artery and its branches was noted by transillumination 
before any vessels were ligated 

The arterial supply to the segment of the bowel to be transplanted to the 
anus w'as observed by the same means after ligation of the inferior mesenteric 
artery The distal point of viability was marked with a black silk suture, 
which facilitated its identification during the perineal phase of the operation 
The distal point of viability was brought seven centimeters outside the anus 
Viability was further assured by incising small vessels in the mesentery of the 
bowel and noting free bleeding 

This experience with abdominoperineal proctosigmoidectomy with preser- 
vation of the sphincter mechanism in 264 cases (from a total of 407 colon 
resections) may be considered to have been a method of study of the 
arteries to the sigmoid and upper rectum As such, it can be integrated with 
the experimental anatomic studies 

Sudeck,® in 1907, found that the vessels of the rectum became filled with 
injected material from the inferior mesenteric artery by transversing the 
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marginal artery when a ligature was placed on the superior hemorrhoidal 
artery above the origin of the last branch to the sigmoid If a ligature were 
placed below the origin of the lowest sigmoidal artery, few, if any, of the rectal 
vessels filled In maintaining adequate blood flow to the rectum when the 
superior hemorrhoidal artery had to be ligated, the origin of the lowest 
sigmoidal artery became known as the critical point of Sudeck Two years 
later Hartmann^ corroborated Sudeck’s findings and remarked that in the 
perineal excision of the rectum with transplantation of viable bowel to the 
perineum, the superior hemorrhoidal artery must be ligated high on the com- 
mon trunk above the last anastomotic loop He further commented that this 
ligation could only be performed through an abdominal approach Sunder- 
land^ pointed out that in the illustration used by Hartmann, the lowest sig- 
moidal artery was not shown and that the point of ligation indicated by Hart- 
mann was quite high on the inferior mesenteric artery Archibald,^ in 1908 
demonstrated by animal experiments and postmortem dissections the sig- 
nificance of the marginal artery and proved to his satisfaction that the rectum 
and pelvic colon could be resected and viable iliac colon successfully brought 
down to the anus Rubesch,® in 1910, also using an injection method, found 
that the lowest sigmoidal artery, the sigmoid ima, may arise from the superior 
hemorrhoidal after it has bifurcated Thus, the critical point may vary from 
13 to 20 cm from the anus Drummond,^ in 1914, studied roentgenologically 
the injected inferior mesenteric artery in 20 specimens In 40 per cent of the 
cases the last sigmoidal artery and its proximal anastomosis were insignificant 
and in another 20 per cent of the cases the artery was not even present 

Steward and Rankin,’^ on the basis of an extensive study of 100 injected 
specimens, described a gap in the bowel between the termination of the mar- 
ginal artery and the bifurcation of the superior hemorrhoidal artery This 
segment was found to be supplied by one to five small arteries which arose 
from the superior hemorrhoidal artery and which varied in size and number 
with other anatomic variations in this region, that is, a high, low or absent 
last sigmoidal artery or a low bifurcation of the superior hemorrhoidal artery 
Sunderland® dissected the arteries to the distal colon in 20 specimens and 
studied the injected arteries of five additional specimens roentgenologically 
The fact that he used dissection as well as the injection method, whose results 
may be open to question (Rankin and Graham^), may account for the varia- 
tion between his studies and those of other workers 

The number of sigmoidal arteries was found by Sunderland to vary from 
one to seven in number They did not form any definite or constant pattern 
Our operative experience has been similar The configuration of the inferior 
mesenteric artery and its branches must be determined in each case by transil- 
lumination of the mesentery Only in this way can the proper point for liga- 
tion be established, consistently Thus, on the basis of studies of cases at 
operation, we have confirmed the recommendation of both Sudeck® and Hart- 
mann® that It is wise in each patient to observe the arterial pattern of the 
inferior mesenteric artery and its branches 

29 



BACON AND SMITH 


Annals of Surgery 
January 1948 


When present, the lowest sigmoidal artery was found by Sunderland” to 
descend vertically to the rectosigmoid and supply the upper portion of the 
rectum which is also supplied by the superior hemorrhoidal artery This is at 
variance with the findings of Steward and Rankin^ which have been stated 
previously Sunderland found Drummond’s” statements concerning the rela- 
tionship between the superior hemorrhoidal artery and the lowest sigmoidal 
artery less than explicit The former demonstrated that the two vessels over- 
lap in their supply of the upper rectum but in only five of 25 cases was there 
any anastomosis 

In the technic of abdominoperineal sigmoidectomy wuth presentation of 
the sphincters, the last sigmoidal artery may be disregarded w'hether one 
accepts the views of Steward and Rankin or Sunderland The superior hemor- 
rhoidal artery cannot be ligated below the origin of this vessel and allow 
sufficient mobility of the bow'el to permit its being brought dou n to the anus 
without tension As a corollary, it is impossible in performing this operation 
to clamp the superior hemorrhoidal artery at the critical point of Sudeck 

Sunderland” discovered that there was a w'ell-marked anastomosis with a 
continuous vascular arcade (marginal artery of Drummond) between all sig- 
moidal arteries He remarked, however, that his findings disagreed wuth 
those of Drummond” who found the low^est sigmoidal artery and its proximal 
anastomosis to be insignificant in 40 per cent of the cases and the artery to be 
absent m another 20 per cent of the cases In view of this discrepancy, Sun- 
derland believed it prudent to ligate the inferior mesenteric artery at a level 
higher than that between the low'est two sigmoidal arteries, there has been 
general agreement regarding the competency of the arterial anastomosis above 
this level In our operative experience we have been able to segregate those 
cases in which ligation may be made safely between the low^est two sigmoidal 
arteries from those in which ligation must be performed higher than the 
second lowest sigmoidal artery to assure viability by the simple precautions 
previously described Chief among these measures has been transillumination 
of the mesentery before and after ligation of the inferior mesenteric artery 

Sudeck’s” critical point has been shown to vary with the individual pat- 
tern of the arteries to the lower sigmoid It varies with the type of surgical 
procedure to be performed In the Miles-type of operation viable bowel must 
be brought out as an abdominal colostomy As shown by Singleton,® this 
should present no difficulty when the inferior mesenteric artery is ligated 
above the lowest sigmoidal branch On the bases of the anatomic studies 
which have been described, if there is doubt regarding the adequacy of the 
blood supply to the colostomy loop, ligation need only be done above the 
second sigmoidal artery to insure sufficient blood flow Drummond” stated 
that where a permanent colostomy is done, the inferior mesenteric artery may 
be ligated just below the origin of the left colic artery 

In an end-to-end anastomosis following resection of the sigmoid, viability 
of each end must be assured It is in this operation that the critical point is 
most significant , indeed a hypothetic situation could arise in which the rad- 
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Plate i — Drawings, adapted from Sunderland, of the aorta, the common ihac 
arteries, the inferior mesenteric artery, the left colic artery, the sigmoidal arteries and the 
superior hemorrhoidal artery in each of eight patients (A, B, C, D, E, F, II, III) The 
preferred and acceptable alternate points of ligation of the inferior mesenteric and sig- 
tuoidal arteries are indicated by X, X', X", X'" and O, O', O", O'", O"" respectively 
The points also outline that portion of the sigmoid mesocolon and lymph gland bearing 
tissue which will be removed during the perineal phase of the operation The route of 
the presented blood supply to that portion of the bowel which is to be transplanted to the 
perineum is denoted by red The interrupted arterial pathwa3's are indicated by blue 
(Bacon & Smith) 
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icalness of the resection might be compromised to attain viability of the bowel 
ends A detailed discussion of the relationship of this operation to the arterial 
blood supply of the distal colon is be3'ond the scope of this paper The reader 
IS referred to Sunderland’s discussion of this topic 

As has been shown, in performing abdominoperineal proctosigmoidectomy 
with preservation of the sphincter mechanism, the critical point of Sudeck 
need hardly be considered Ligation of the inferior mesenteric artery must be 
performed above the lowest sigmoidal artery at least to permit the mobility 
of the colon necessar) to bringing it to the anus Furthermore, the infenor 
mesentenc artery may be deliberately ligated much more proximally in cases 
where more of the upward lymphatic pathw'ay is to be removed or w'here one 
IS not completely satisfied w'lth the competency of the circulation to that 
portion of the bowel to be brought to the anus In the average case w^e have 
agreed wnth Drummond that the most convenient place to ligate the infenor 
mesenteric artery is immediatety below the first sigmoidal branch, which can 
be recognized by the large anastomotic branch it forms wuth the left colic 
artery 

In selected cases of polyposis, ulcerative colitis diverticulitis, and lympho- 
pathia venereum, the rectum, sigmoid, descending colon, splenic flexure and a 
portion of the transverse colon have been excised In these cases all branches 
of the inferior mesenteric artery have been ligated and the stump of transverse 
colon has been brought dow n to the perineum V labihty has been maintained 
by the middle colic artery These patients are the basis of a separate report 
The blood supply to the rectum be)’^ond the bifurcation of the superior 
hemorrhoidal artery presented no controversial points and its discussion has 
been omitted The blood flow to the preserved sphincter muscle and anal skin 
is abundant by way of the internal pudendal arteries 

STODLAJIY 

A review of the anatomic studies of the arterial supply of the distal colon 
and a correlation of these studies wnth the technic of abdominoperineal procto- 
sigmoidectomy without colostomy and wuth preservation of the sphincter 
mechanism have been presented The operative measures w'hich, in our hands, 
have insured the transplantation of viable bowel to the perineum have been 
presented 
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Though many patients with cardiospasm receive symptomatic improve- 
ment for varied periods of time following instrumental dilatation of the 
esophagogastric junction, the benefit obtained is rarely complete or perma- 
nent No evidence of reduction in the size of the esophagus following dilata- 
tion has ever been presented In some patients the tortuosity of the esophagus 
prevents instrumentation and m others no significant improvement results 
from this therapy 

The operative procedures designed for relief of this condition have been 
as varied as the theories presented as to its pathogenesis and have been 
directed at the dilated esophagus, the cardia, its nerve supply, and the dia- 
phragm Though isolated reports of successful results from each of these 
methods have been published, the majority of these technics have not been 
universally satisfactory Of all operative procedures, those technics directed 
at the esophagogastric junction m which the size of this stoma is enlarged, 
appear to have given the best results Even after these operations it has 
usually been stated^’ ® that the functional results were better than the roent- 
genologic evidence of improvement Considerable discussion has also been 
presented regarding the relative merits of the transabdominal and the trans- 
pleural approaches Most opinions have favored the transabdominal approach, 
in that this was felt to be associated with less risk 

The purpose of this paper is the presentation of the surgical technic 
employed and the postoperative results m 17 patients having transpleural 
cardioplasties who had not been significantly improved by instrumental dila- 
tation This group of patients is of interest not only because of the sympto- 
matic improvement but also because of the marked reduction m the size of 
the esophagus postoperatively (Figs i, 2 and 3) 

All of the cardioplasties were performed through a transpleural approach, 
for It was felt that this allowed better exposure of the esophagogastric junc- 
tion, better mobilization of the lower esophagus and cardia of the stomach 
and, m turn, the construction of a larger aperture than would be possible 
through an abdominal approach The new stoma was made large enough to 
allow for Its reduction in size as the caliber of the esophagus decreased The 
size of the stoma determines the ease with which the esophagus empties itself 
and the likelihood of its reduction in caliber 

The first three cardioplasties were performed in a manner similar to a 
Fmney p}doroplasty technic, the others in a manner similar to a Heineke- 
Mikuhcz pyloroplasty technic The latter type was found to be the easier and 
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A B 


Fig I — ^Esophagograms before (A) and six weeks after cardioplasty (B) 



A B 

Fig 2 — Esophagograms before (A) and six weeks after cardioplasty (B) 
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more satisfactory piocedure This technic was first employed by Wendel/ m 
1910 As illustrated in Figure 4, the lower esophagus is mobilized and care- 
fully inspected The diaphragm about the diaphragmatic hiatus is incised 



A 


B 


Fig 3 — Esophagograms before (A) and two montlis after cardioplasty (B) 


radially for three to four centimeters to allow examination of the diaphrag- 
matico-esophageal ligament and its attachment to the esophagus and esophago- 
gastric junction 

Care is exercised to excise any limiting bands in this ligament This liga- 
ment appeared responsible for the esophageal obstruction in five patients ^ 
In the first patient upon whom this obseivation was made, the diaphragm vas 
incised lateral to the hiatus and the lower esophagus retracted into the 
abdomen The diaphragmatico-esophageal ligament appeared markedly hj'per- 


Fig 4 — (A) The lower esophagus and esophagogastric junction have been mobilized 
The diaphragmatic hiatus has been enlarged and the diaphragm inverted exposing the 
diaphragmatico-esophageal ligament of its under surface as it is inserted into the 
esophagogastric junction 

(B) The diaphragmatico-esophageal ligament has been separated and the peritoneal 
reflection incised The cardia of the stomach has been retracted into the thoracic cavity 
The esophageal and cardial lumina have been occluded by umbilical tape Two constric- 
tions in the lower esophagus and esophagogastric junction at the sites of insertion of the 
diaphragmatico-esophageal ligament are apparent 

(C) A large longitudinal incision has been made through the esophagogastric junc- 
tion and extended in both directions A section of this junction was taken for micro- 
scopic study 

(D) The above incision is closed transversely by a mucosal layer of continuous 
catgut suture and an outer layer of interrupted black silk sutures 

(E) The new stoma has been replaced into the abdomen and a new diaphragmatic 
hiatus made by suturing the diaphragm about the esophagus at a higher level 
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trophied and taut as it was inserted into the lower esophagus All of the 
visible portion of this ligament was incised at its insertion about the esophago- 
gastric junction and lower esophagus A Finney-type cardioplasty was then 
performed Postoperatively, he still noted dysphagia and esophagograms again 
demonstrated obstruction at this site Consequently, an abdominal exploration 
was done ten days postoperatively The new stoma appeared widely patent 
and no abnormality could be found An incision w'as then made m the anterior 
surface of the stomach and a finger was inserted into the esophagus w'here a 
button-hke stenosis W'as encountered This was retracted into the abdomen 
and found to be caused by a constricting band m the uppermost portion of the 
diaphragmatico-esophageal ligament that had not been severed at the first 
operation The esophageal occlusion was immediatel}'' relieved as soon as 
this was incised In one other patient, the anterior portion of this membrane 
W'as band-hke in character and appeared to cause constriction, this was com- 
pletely cut and marked impiovement was noted postoperatively The esoph- 
agus m this patient, however, did not deciease in caliber to the same extent 
as that noted in other patients upon whom cardioplasties were also performed 
In seven other patients the diaphragmatico-esophageal ligament appeared nor- 
mal but considerable periesophageal fibrous liands w’ere in close contact with 
this ligament and adherent to the longitudinal musculature of the esophagus 
It IS now' felt that this site can be best inspected by enlarging the diaphrag- 
matic hiatus and retracting the cardia of the stomach into the thorax 

The peritoneum is incised and the cardia mobilized and reti acted into the 
thorax The esophageal and gastric lumina are occluded b} umbilical tape to 
prevent spillage A longitudinal incision is made through the esophagogastric 
junction and extended in both directions for approximateh four inches A 
section IS frequently taken at this site for microscopic examination This 
opening is closed transversely by an inner layer of running catgut suture 
follow'ed by an outer layer of inteirupted black silk suture Appi oximately 
100,000 units of penicillin are injected about the stoma The stomach and 
new stoma are replaced into the abdomen and a new' hiatus made by suturing 
the diaphragm at a higher level upon the esophagus This also aids in straight- 
ening the esophagus The chest is closed w'lthout drainage The only post- 
operative complication to date has been a transient collection of serum 
requiring one to tw'o pleural aspirations in four patients Houily feedings of 
milk are provided as soon as the patient aw'akens from the anesthesia but an 
inlying Wangensteen suction is employed and clamped intermittently foi 
three days The usual postoperative gastiic diet is then provided These 
patients have been able to note the sensation of food and fluids going imme- 
diately into the stomach upon sw-allow'ing, a sensation that tliey had not 
experienced for many years 


STOEVIART 

The surgical technic employed and the operative results obtained in 17 
patients having transpleural cardioplasties who had not been significantly 
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improved previously by instrumental dilatation is presented In each patient 
there was a marked reduction in the size of the esophagus postoperatively 
All of the patients were convinced of the greater relief accorded by opera- 
tion as compared to instrumentation It can be argued from this that many 
patients with cardiospasm may exist for years with partial benefit from 
instrumentation who do not realize the more complete and permanent benefit 
that might be derived from operation 
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SPONTANEOUS RUPTURE OF THE MALARIAL SPLEEN 

CASE HEPORT AND ANALYSIS OF 64 REPORTED CASES 
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Spontaneous RUPruitn of the malarial spleen is a rare but dramatic 
complication demanding prompt recognition and surgical treatment With the 
large numbers of cases of malaria in military service, traumatic and spon- 
taneous rupture of these enlarged and friable spleens has been reported ten 
times in the past five years In many instances, chmcal malaria occurs only 
after cessation of atabnne and return to civil life Best and Schmid^ recently 
reported three cases and collected 35 (including nine inoculated s}phihtics) 
in the literature from 1920 to 1945 Kaplan, ct leported a case occurring 
in an inoculated paretic and listed 31 similar cases In our review of the 
American and foreign literature since 1917 ^^e have found 64 cases of spon- 
taneous splenic rupture in inoculation and naturally-acquired malaria ^ 
Seventy-two cases prior to 1917 weie reviewed by Leighton 

Because large numbers of cases of malaria will relapse in communities 
where the disease is unfamiliar, and because onl} early diagnosis and prompt 
treatment will lower the present high mortality, ^^e believe a report of our 
case and a review of the literature is timely Also, there are impoi taut clinical 
differences between the syndrome occuriing during malaiial treatment of 
syphilitics and in naturally-acq'uired malaria whicli are not generally 
appreciated 

Case Report — No 19505 This 37-year-old veteran was brought by ambulance, 
lanuary 2, 1946 Because he was semiconscious, history, at first, was obtained chief!} 
from his wife 

CC Weakness, collapse, and epigastric pain of several hours duration 

PI The patient had served 31 months in the South Pacific, taking atabnne 01-02 
Gm daily Twenty days before admission he arrived in the continental limits of the 
United States and stopped atabnne 

Five days before admission he developed fever, shaking chills, generalized aches and 
pains, severe headaches, and his head and nose felt “all stopped up ” Four days before 
admission he became nauseated, and he vomited four to five times daily thereafter, and 
vomitus had occasional flecks of red blood He had much epigastric soreness There were 
no blows, falls or even minimal trauma, recent or remote Because of fever and malaise 
he remained in bed after the first few days 

Several hours before admission he vomited and shortly thereafter, while in bed, 
experienced a severe, sudden epigastric pain which caused him to cry out, draw up his 
knees and faint When he quickly recovered consciousness, he remained weak, complained 
bitterly of pain in the upper abdomen No pain in the shoulder or elsewhere 
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FH PH and system review Noncontributory 

PE A well-developed, well-nounshed young man in collapse, pale, sighing, restless 
and apathetic 

T 104° F by rectum, pulse no and barely perceptible 

BP 70/50 R 24 

Once during examination he became unconscious and was resuscitated with oxj'gen 
inhalations, plasma infusion and intravenous stimulants The significant positive and 
negative findings were as follows The abdomen had slight rigidity everywhere, but there 
was marked tenderness and spasm in the left upper quadrant near the costal margin The 
spleen could not be felt due to spasm There was no audible peristalsis No distention 

The remainder of the physical examination was negative, except the marked atabnne 
pigmentation of skin, sparing the sclerae Extremities were cool Neck supple, brisk 
neurologic examination negative Heart and lungs normal 

While awaiting reports from the laboratory and blood for transfusion, the treatment 
given was morphine sulphate 10 mg subcutaneously, plasma 500 cc intravenously When 
P vivav was reported on smear, quinine dihydrochlonde 025 Gm intravenously, diluted 
in 250 cc normal saline was started but soon replaced with plasma and atabnne o 4 Gm 
substituted intramuscularly 

Labotaioiy Data — White blood count 5,ooo, with 44 per cent segmented and 32 per 
cent band-like neutrophils, 20 per cent lymphs, hemoglobin 13 Gm per cent Numerous 
P vivax were seen on thick and thin smear Some parasitized cells were slightly enlarged 
Thick drop showed many small and large trophozoites, rare presegmenting schizonts, but 
no gametocytes Urinalysis showed 10 mg per cent albumin, but was otherwise negative 
No hemoglobinuria Chemical test for urinary atabnne was negative 

Dtaguosis — While blood for transfusion was awaited the generalized abdominal 
spasm became more marked These signs of spreading peritoneal irritation following 
sudden shock, with severe pain spasm and tenderness in the splenic region of a man 
with malaria, caused the diagnosis of spontaneous rupture of the spleen Five hundred 
cubic centimeters citrated blood was given intravenously and the blood pressure rose to 
105/60, so operation was begun 

Opeiation — (Dr O C Williams)’'' Eight hours after onset, under nitrous oxide- 
oxygen-ether anesthesia, the abdomen was opened through a muscle-splitting incision of 
the left upper rectus The peritoneal cavity was entered, and 600 cc liquid blood 
removed by suction A large clot, the equivalent of another 500 cc of blood, lay over 
the spleen The enlarged and ruptured spleen was readily removed 

Postopeiative Couise At the end of the operation the blood pressure fell to 80/60, 
and the pulse rose to 160 Two 500 cc transfusions were given simultaneously with good 
response and followed by a third Two hours postoperatively the blood pressure was 
stabilized at 140/100 The usual postoperative management was followed, with addition 
of atabnne o 2 Gm 1 m q four hours for six doses, and thereafter o i Gm was given 
daily for another few weeks Several malaria smears were negative, and the fever grad- 
ually subsided, but the temperature was not normal until the 30th day Hemoglobin rose 
to normal, repeated smears and white blood counts were unremarkable The patient was 
discharged well on the 30th hospital daj’’ 

Pathology Rcpoit — Gioss The spleen was enlarged (Fig i), measuring 15 x 10 x 
5 cm , and weighing 3S0 Gm On the convex surface the capsule had been stripped away 
over a large area, uncovering the underlying irregular, raw, splenic tissue In the cen- 
tral portion of this exposed surface there was an irregular, funnel-shaped rent in the pulp, 
measuring 8 mm in the diameter and 2 to 3 nim in depth Submitted with the specimen 
was a large blood clot representing approximatelj'- 400 or 500 cc of blood The remain- 
ing intact capsule was tense On section, the splenic tissue was found to be moderatel) 
soft, dark red in color, bulging aboi e the cut surface A small amount of moist, soft, red 

* Senior Surgeon U S P H S , Chief of Surgical Service, U S Marine Hospital, 
New Orleans, La 
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tissue could be scraped from the surface The malpighian follicles were not grossly 
apparent 

Microscopic Sections were taken from the vicinity of the tear on tlie convex surface 
as well as from other areas in which the capsule was intact The tissues were stained 
with the hematoxylin-eosin, van Gieson, Romanowsky, Giemsa, iron pigment, and reticu- 
lum stains All sections showed essentially similar changes, including those from the site 
of rupture as well as those removed from other regions Surrounding the rupture the 
capsule was stripped away, leaving only a thin single layer of connective tissue as a 
covering Elsewhere, the capsule was covered bj' a fine, fibrinous deposit 



Fig I — Ruptured spleen in acute malaria, spleen enlarged, soft, arrow points to site 

of rupture 


The follicles were enlarged but inconspicuous, merging diffusely with the red pulp, 
due to the general cellularity of the entire organ The germinal centers were enlarged 
and pale Their constituent cells were loosely arranged, separated by a pinkish-staining, 
amorphous, ground substance resembling coagulated edema fluid The cells were varied — 
some being enlarged, pale-staining reticulum cells — others, small lymphocytes, were 
darkly stained, apparently undergoing degenerative changes There were also nuclear 
fragments Mitotic figures were occasionally found The pale central zone was sharply 
demarcated against the peripherally-located portion of the follicle The latter was large 
and contained the usual lymphocytic cells, although mitoses were frequently seen 

The red pitlp was extremely cellular, the cells being of varying types By far, the 
most prevalent were the large reticulum cells found within the widened splenic cord 
These showed storage of two types of pigment fine granules taking the iron stain (blood 
pigment) , and coarse dark brown grams (malarial pigment) which had no affinity for 
the iron stain The endothelial cells lining the sinusoids were numerous and hyperplastic, 
projecting into the lumen or desquamating completely into it Several of these cells 
contained pigment similar to that found in the reticulum cells Plasmodia could not be 
identified within any of the nucleated cells 
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The sinusoids (Fig 2), for the most part, contained few red cells but were com- 
pletely engorged with white cells These appeared to be mostly desquamated endothelial 
cells However, they also contained numerous macrophages, often large and multinu- 
cleated, which contained iron pigment as well as large, coarse, granules, similar to that 
found in the reticulum cells Occasionally, polymorphonuclear cells were also present 


Fig 2 




Fig 3 


Fig 2 — Sinusoids: Some are dilated, others are engorged with microphages 
Fig 3 — Vans Dilated, filled with macrophages On the right a thrombus is 
m the process of formation Subendothelial myelopoiesis 
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Conspicuous was the enormous dilatation of some of the sinusoids Some contained the 
aforementioned cells , many, however, were engorged with red cells These cells lay close 
against the wall and were continuous with the cord cells Occasionally, the entire mass 
was converted into a thrombus The sinusoidal wall here was indistinct or lacking 

Veins Many were dilated (Fig 3), and filled nith cells similar to that found in the 
dilated sinusoids Thrombus formation was also apparent Immediately under the 
endothelial layer the tissue was loose and a thin la>er was formed containing macro- 
phages and monocytes, with some phagocytosis of pigment Essentialh, the cells were 
similar to that found m the splenic cord and in the sinusoids 



Fig 4 — Splenic infarction, subcapsular Thrombosis, infarction and necrosis 


In many portions of the spleen, but particularly under the capsule, a peculiar degener- 
ative change was noted (Fig 4) Associated with a dilated thrombosed lein or sinusoid, 
there was complete disruption of the architecture of the sinusoids and the cord The 
tissue was an admixture of all of these cells, including red cells, hemoljzed blood, degen- 
erating white cells and a pinkish-staining amorphous fibrinoid substance, all merging 
into a poorly-defined conglomerate Numerous areas of this type were found under the 
capsule 

Scrapings from the fresh organ stained w'lth Wright and Giemsa stains showed rare 
mature trophozoites of P vivai w'lthin the red cells No parasites were found w'lthin 
any of the white cells or macrophages 

The 64 cases m the literature since 1917 are listed m the bibliography^''® 
There were no case reports, merely mention of their occurrence m many 
instances Some articles were not available to us Many case 

reports were incomplete , some had no pathologic or microscopic examinations 
performed However, we have read and tabulated such data as was presented 
m cases listed in bibliography 29 p^irly detailed reports were avail- 

able in some instances, and are the sources of the data m the section on the 
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clinical features in spontaneous rupture One case was reported separately 
by two authors Several authors recorded two cases 
Two men observed three cases 


INCIDENCE 

The occurrence of spontaneous rupture m allegedly normal spleens is rare 
A few instances have been reported m each of i6 different diseases accom- 
panied by splenomegaly By far, the most common cause of spontaneous rup- 
ture is malaria Since Leighton’s review, 25 cases of spontaneous rupture have 
been reported m naturalty-acquired malaria ^ Thirty-nme cases have occurred 
since malaria nas fiist induced for treatment 


Table I 

INCIDENCE OF SPONTANEOUS RUPTURE OF 
SPLEEN IN INOCULATION MALARIA 


De Cary 2 274 

De Asia 2 101 

Wile 1 1026 

Moore 2 1600 

Fong 2 1012 

Driver, el al 0 2479 (review) 

Cantacuzene 1 528 

Dattner 0 5000 

Total reported inoculation cases in literature 39 

Total reported cases naturally-acquired malana (1920-1946) 25 


The incidence of spontaneous splenic rupture m induced malaria is shown 
in Table I, and does not include unreported or unrecognized instances This 
IS considerably higher than the incidence in naturally-acquired malana, prob- 
ably because of the preexisting splenic patholog}’','^^’ the older age, and the 
longer duration of the malaria without specific treatment 

With only two exceptions,®^' all inoculations were for treatment of 
central nervous system syphilis Spontaneous rupture has occurred as early 
as two days after the onset of symptoms, and a third of our present series 
occurred later than 15 days However, m a series of 5,000 cases which were 
interrupted after eight chills, no cases of rupture of the spleen occurred 

Traumatic rupture of the spleen is very frequent m malarious climes 
Because of great enlargement, exposed position, congescion and friability, 
malarial spleens are readily ruptured by minimal trauma, and m one region 
%oth of all deaths are allegedly caused in this way®® In Berger’s review®® 
(1902) of 123 cases of traumatic rupture of the spleen, 93 had malaria 

Spontaneous rupture of the spleen m naturally-acquired malaria is rare It 
IS estimated to occur once per 100,000 infections by Manson-Bahr In the 
Canal Zone, it occurred three times in 30,000 hospital admissions,®® and in 
three of 100 malarial deaths It causes 4 45 per cent of all malarial deaths 
in one section of India (Massari). Although it is a rare complication, prompt 
diagnosis and treatment will save some persons who would otherwise cer- 
tainly die 
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SPECIES AND STAGE OF ALALARIA 

Spontaneous rupture has been reported with all species except P malariae 
The great majority are P vwax, which was found pre- or postoperatively in 
i6 of 19 cases in which species was stated It may be assumed that the great 
majority of inoculations ^\ere P vivax, even when not specifically stated Two 
cases were P jalcipauim, and one, P ovale Multiple ring forms Avere not 
observed m the P vivax from our case The species or strain made no 
difference in the clinical picture of the reported cases 

Supermfection, or degree of parasitemia, apparently, was of little conse- 
quence, since four cases occurred during afebrile or chronic stages of the 
disease In no case of active malaria was it remarked that the paroxysms, or 
other features, w'ere more severe than usual However, some cases had much 
vomiting, diarrhea or delirium 

PATHOLOGY OF SPLENIC RUPTURE IN ACUTE ALALARLA 

The pathology of the spleen m acute malaria in humans is well-reviewed 
by Taliaferro and Mulligan,®^ and by Ash and Spitz,®- and our specimen 
revealed the changes reported The alterations of sinusoids and \eins were 
very noticeable m our case, how'ever Otherw ise, the phagocytic, degenerative 
and hyperplastic changes a\ ere those w ell-recognized in acute malaria 

The sinusoids and veins are dilated and filled wuth macrophages and blood 
cells The trabecular veins form a layer of reticulum cells under the endothe- 
lium and, less commonly, under the adventitial layer, similar to that found in 
the splenic cord Within the pool caused by the dilated veins and sinusoids, 
the macrophages, red cells and even polymorphonuclear cells he in a pinkish- 
staming fibrinoid material resembling a thrombus These aggregates he so 
closely against the w'all that it is often difficult to determine whether they 
project from the cords Rigdon®^ believes that the hyperplastic splenic pulp 
actually protrudes into the sinusoids Thrombi formed in the arterioles, capil- 
laries, veins and sinusoids are associated wuth hemorrhage, necrosis and 
infarction Subcapsular splenic hemorrhages in acute malaria are frequent 

PATHOLOGIC FINDINGS IN REPORTED CASES OF SPONTANEOUS RUPTURE 

Of the 58 cases of spontaneous rupture of the spleen m malaria, which have 
been available to us, only 29 include any sort of pathologic description The 
pathologic findings in both types are similar and conform to the best liter- 
ature There Avere no significant differences related to the species 

Grossly, the spleen Avas enlarged in all but one case, but because average 
Aveights Avere 450-500 Gm , many Avould not have been palpable Hemoperi- 
toneum had occurred in all but one case,®® and Avas due to rupture of the 
splenic capsule Avith only tAvo exceptions In one instance, an accessory spleen 
had ruptured,® and m another case a hole Avas found in a tiny hilar vein ^ In 
eA’^ery instance, the slight to moderate enlargement and the color and con- 
sistency Avere typical of acute malaria 

Despite older statements, rupture of the capsule had no predilection for 
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convex or posterior surface Presence of adhesions to the diaphragm were 
noted in four cases, and by limiting equal expansion of the spleen this may 
have contributed to the rupture In 25 cases the number of tears was noted 
Three spleens had burst into fragments Nine others had multiple tears That 
the initial step in rupture of the capsule is frequently formation of subcapsular 
hematomas is indicated by their occurrence in five cases In three cases, rup- 
ture of the subcapsular hematoma occurred during surgical manipulation ^ 

More or less complete microscopic descriptions are reported m 16 cases 
These follow the general description of the spleen m acute malaria, as indi- 
cated above Nine cases described vascular changes , in two, this was apparent 
grossly as anemic infarcts Microscopically, all nine showed foci of interstitial 
hemorrhage and occasionally thromboses and infarcts, similar to our case, or 
as described by Rigdon®^ We believe these interstitial subcapsular hemor- 
rhages and infarctions result from endothelial swelling and subintimal infiltra- 
tions in small veins 

PATHOGENESIS AND MECHANISM OF RUPTURE 

The mechanism of rupture of the normal and enlarged spleen may be 
threefold (i) local lesions as points of weakness, (2) increase of tension due 
to hyperplasia and engorgement, and (3) compression by the abdominal 
musculature 

Because the exact site of initial subcapsular bleeding or capsular rupture 
cannot usually be identified and may be destroyed in the process of rupture, 
the etiologic role of local lesions must be inferred from the presence of similar 
lesions elsewhere m the spleen. 

The spleen, even m normal persons, is frequently the site of pathologic 
changes that predispose it to rupture Arteriosclerotic alterations of vessels 
may result in “splenic apoplexy” (Ask-Upmark) Adhesions and thicken- 
ings of the capsule may prevent equal expansion and accommodation to 
increased tension One case in this series had calcareous deposits in a large 
part of the capsule which had ruptured at another weaker and expanding site 
Contusions may cause subcapsular hematomas, later organized into blood 
cysts It IS perhaps in this way that trauma may, after a free interval of days 
or weeks, be an important cause of allegedly spontaneous ruptures In severe 
P vivax as well as in P falciparum malaria the spleen may have infarctions, 
focal necroses and multiple interstitial and subcapsular hemorrhages, such as 
occurred in our case, and m nine of the cases with adequate microscopic exam- 
inations In common with Rigdon’s hypothesis, our sections illustrate how 
reticular and endothelial hyperplasia obstructs venules and sinuses and causes 
the interstitial and subcapsular hemorrhages Subcapsular bleeding continues, 
strips away the capsule over a larger area, and results in further bleeding and 
distention of the capsule, which ultimately bursts 

The underlying pathology of the paretic spleen may partially explain the 
higher incidence of splenic rupture in that group of malaria cases Changes 
m the fibrous tissue cause loss of elasticity of many paretic spleens 
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Lubarsch believes paretics’ blood vessels are more friable and, therefore, 
splenic rupture is more likely The average duiation of active malaria prior 
to rupture was longer for the paretics than for the normals with malaria, and 
this might indicate greater resistance or explain the greater incidence of 
rupture However, the group is too small to be statistically significant, and the 
protected life of the inoculation cases would eight the figures in the opposite 
direction (Table II) 


Tabie ii 

CNS Syphilis Normals with 
t ith Malaria Malana 


Cases Analyzed 

18 

20 

Average nge 

40 

20 

Number ot males 

15 

18 

Number of females 

2 

2 

Number of unstated se\ 

1 

0 

Days duration of acute malana 

Not stated 

1 (12 chills) 3 

Not acute 

1 

3 

Less than 7 days 

6 

10 

7-14 days inclusive 

2 

3 

Over 14 days 

8 

1 

Duration of rupture in fatal cases without operation 


Total 

17 studied 4 

Less than 3 hours 

7 

4 

3-24 hours 

3 

All others 

24-48 hours 

4 

operated upon 

Over 48 hours 

1 


Intermediate 

2 



The general increase of tension within the capsule caused by rapid enlarge- 
ment IS probably the most constant etiologic factoi in malana, as well as the 
other splenic enlargements that rupture In chronic malaria gradual enlarge- 
ment may not increase the tension and splenic punctuie has been pei formed in 
such cases with no immediate ill results'^® Splenic punctuie m rapid enlarge- 
ments may be disastrous, as we have observed in a case of kala-azar, who died 
following this procedure Many of the spleens in this series had multiple 
deep rents or were fractured completely, suggesting almost an “explosion” of 
the spleen Malaria is pm e.\cellence the cause of rapid splenic hyperplasia 
and, therefore, the most frequent cause of spontaneous lupture Ask-Upmaik"^ 
believes reflex spasm of the splenic vein may cause acute congestion and play 
a role in some nonmalarial cases of spontaneous rupture 

The influence of increased intra-abdominal pressuie caused by muscular 
contraction seems significant in some cases Allegedly normal spleens, as well 
as a malarial spleen in our present senes, have ruptured during labor ® Vomit- 
ing due to intestinal obstruction may have been an etiologic feature in one 
case^® Vomiting was a prominent feature of the illness prior to rupture in 
nine additional cases, including ours Diarrhea occurred m 

one,'^® and in two, the onset occurred during defecation,^’ ° and in one case 
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while pushing a wheelbarrow Delirium and restlessness were noted in six 
cases, and all but one of these were paretic 

The relative importance of each of these three factors is difficult to assay 
From evidence at hand, all three factors are seldom operative m any single 
case and the series is too small for any but the most general conclusions about 
pathogenesis 

CUNTCAL FEATURES OF SPONTANEOUS RUPTURE OF IMALARIAL SPLEEN 

The signs and symptoms recorded m 38 cases in fair detail have been 
tabulated and aie the source of the following data Miscellaneous symptoms 
of associated acute or chronic malaiia were overshadowed by the dramatic 
rupture of the spleen 

The clinical features of the rupture were somewhat different m the inocu- 
lated cases than in the nonluetic persons The luetics were older by a decade, 
and all but one had acute malaria, and usually died less than two hours after 
onset Another contrasting feature is that over half of the syphilitics, includ- 
ing SIX who survived over two hours, and in whom fairly complete examina- 
tions were made, died with no complaints of pain at any time The profound 
shock was usually attributed to some cardiac complication It is probably 
because of the lack of pain and the scanty physical findings that the diagnosis 
was made m no instance, three were operated upon, with erroneous diag- 
noses,^^ with two survivals The nonsyphihtics had severe abdominal pain 
m all but one instance 

The signs and symptoms are chiefly those of (i) circulatory effects of 
acute blood loss , and (2) local abdominal effects of bleeding and rupture 

The rapid deaths were all caused by severe blood loss and shock Our 
patient was pulseless, unconscious, and was resuscitated only by vigorous anti- 
shock theiapy Lack of pain m many instances was probably due to the high 
pain-threshold caused by seveie shock 

Cases with fevei have highei metabolic requirements, and acute blood loss 
in these cases causes earlier and more profound shock and anoxia, and even 
poorer heat dispersal and more rapid death Because a few temperatures were 
recorded in the most rapid deaths the occurrence of this vicious cycle cannot 
be proven in most cases The suivival-time after rupture could not be corre- 
lated with the size of the spleen or with body temperature, or with the age of 
the person However, the duiation of the malaiia prior to rupture was greater 
in the more rapid deaths (Table HI) 

The onset of the lupture was sudden and clear, except in two cases,^^* 
and was heralded by pain or collapse Two of these had no pain at the onset, 
and the initial episode was probably formation of a large subcapsular hema- 
toma 22 The later onset of pain and second collapse was probably due 
to ruptuie of the capsule and hemoperitoneum 

The pain of splenic rupture is somewhat variable (Table IV) It is usually 
severe, generalized, and worse in the left or upper abdomen and flank Two 
cases^'^’^^ abdominal pain This has been attributed to the 

irritation of blood gravitating to the lower abdomen (Manson-Bahr) Pain 
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Table III 

SURVIVAL-TIME OE NOVOPFRATED CASES 

Avg Size of No of Days 


No of Cases 

Average Age 
and Range 

Spleen and 
Range 

Malana 

Symptomatic 

Survival less than 3 hours 





Inoculation 

7 

43 years 

483 Gm 

12 



(30 SO) 

(350-750) 

(5-18) 

Naturally-acquired 

4 

28 years 

417 Gm 

1 



(21-33) 

(350 453) 

(2-4) 

Survival over 3 hours 





Inoculation 

8 

42 years 

460 Gm 

8-4/7 



(26-64) 

(375-755) 

(2-15) 


m the left shoulder (Kehr’s sign) referred zna the phrenic nerve occurred in 
only six cases Vomiting prior to, or after, rupture is not infrequent, and in 
two instances the vomitus contained small amounts of blood, probably due to 
gastritis associated with malarial infection or the treatment 

Table IV 

PAIN IN SPLENIC RUPTURE 

Normals and CNSSvpliilis 
Malana and Malaria 


Degree of pain 

None 

Mild 

Severe 

0 

1 

19 

10 

0 

8 

Site of pain 



Undesenbed 

3 

0 

Generalized 

1 

3 

Left side 

7 

1 

Epigastnc 

8 

1 

Lower abdomen 

1 

1 

Left shoulder and abdomen 

6 

1 

Precordium and left antenor chest 

0 

1 


Except for the physical signs of acute blood loss, the chief findings were 
abdominal Where time permitted and findings are recorded, the most com- 
mon finding was generalized abdominal spasm, usually worse in epigastrium, 
and occasionally worse in, but rarely limited to, the left upper quadrant Three 
cases, however, had no spasm whatsoever, although hemoperitoneum was 
found at operation In only one case was the spasm described as “board-like ” 
A few cases had slight abdominal distention, occurring late The sign of 
Ballance, persistent left flank dullness in all positions and shifting dullness in 
the right flank, allegedly specific for rupture of the spleen was reported m 
only one instance 

It is noteworthy that the spleen was palpable in only five cases, and it 
will be seen from the pathologic data that many of these ruptured spleens 
would not be readily palpable even without spasm in the left upper quadrant 
Findings there, in addition to spasm and tenderness, described earlier, 
included dullness of the left flank in five cases 
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LABORATORY DATA 

Malaiia films done preoperatively in eight cases were positive in all White 
blood counts were done in only three cases The usual leukocytosis of splenic 
ruptuie may be suppressed by the malaria, but m one case of active malaria 
the white blood count was ii,ooo White count in our case was 5,000, with 
75 per cent polys 

Hemoglobin preoperatively was low in five cases Our case, however, had 
an hemoglobin content of 13 Gr per cent because hemodilution had not yet 
occurred 

Urinalysis m one case and in ours was essentially normal Plain loent- 
genograms of the abdomen weie made m two cases, and except for the finding 
of a large spleen m one case, no abnormalities were noted 

DIAGNOSIS 

The diagnosis was made m only seven cases and suggested m two others 
Pei f orated peptic ulcer was the preoperative diagnosis m four cases Other 
diagnoses listed were “ruptured hollow viscus,” “mtra-abdommal abscess,” 
“intra-abdommal hemorrhage,” and “ruptured uterine tumor ” 

When active malaria is known to be present, the differential diagnosis 
includes chiefly the medical causes of malarial shock such as “cerebral malaria,” 
and the other forms of overwhelming malarial infection These cases are 
usually due to P jalapaunn, while P vtvax malaria is the chief cause of 
ruptured spleens, and practically the only form encountered among the vet- 
erans Our only other case of malarial shock w^as a young veteran admitted 
with P vtvax infestation and coma, convulsions, rectal temperature 108° F , 
and peripheral collapse 

During malaria treatment of central nervous system syphilis and during 
other active untreated infections, the occurrence of shock usually led to diag- 
nosis of some intercurrent cardiovascular accident It should suggest the 
possibility of rupture of the spleen, since localizing abdominal signs or symp- 
toms may be lacking m the moribund patient Electrocardiography may be 
the only differential point 

During latent, chronic or prepatent stages of malaria, splenic rupture is 
not so rapidly fatal, and localizing abdominal signs are more common The 
differential diagnosis then includes the usual causes of acute abdominal emer- 
gencies, but chiefly perforated peptic ulcer The shock due to hemorrhage and 
the shock of peiitonitis may be clinically indistinguishable, if hemodilution has 
not yet occurred However, the absence of an ulcer history, presence of a 
normal leukocyte count and plasmodia m the smear, a not exceedingly rigid 
abdomen, absence of free air under the diaphragm, and ph3'sical findings and 
symptoms pointing to the left upper quadrant are all helpful differential points 
and insure proper placement of the incision Preparations for blood and plasma 
transfusion should be in progress during diagnostic studies 

Other common diseases such as left p} elonephritis, hydronephrosis, or 
peiinephnc abscess, or left lower lobe pulmonar^^ disease caused no confusion 
in this series 
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In the presence of known malaria and localizing findings in the left upper 
quadrant, without shock, the differential diagnosis includes pensplenitis, 
splenic infarction, and splenic abscess and volvulus of the spleen Perisplenitis 
in malaria is probably the result of minor splenic infarctions, which are not 
uncommon The clinical features, as manifested in a series of inoculated 
patients with central nervous syphilis, are discussed by Read, et al Except 
for the lack of shock and the spontaneous recovery, the historj’^ and findings 
here were perfecfly compatible with rupture of the spleen We believe subcap- 
sular hematomas are usually followed by rupture, and preparations should be 
made for emergency surgery 

Abscess of the spleen following malaria is an even rarer complication than 
splenic rupture 

Volvulus of the spleen has been reported in seven cases since 1930,®' 
and \\as once associated with rupture®^ In all of these malaria was very 
chronic, the spleen weighed 1,550 to 7,000 Gm , and was frequently noted to 
be freely movable prior to the torsion Except in h3’^perendemic regions, and 
in patients receiving poor treatment, tins complication is practically unknown 

Other causes of atraumatic hemoperitoneum are listed by Reimann and 
Cowley They are less remediable, exceedingly rare, and have been diag- 
nosed only at autopsy 

The difficulties of diagnosis of abdominal pain in latent and prepatent 
P vwax malaria are w^ell-discussed by Most and Hayman,"® but their state- 
ment that “symptoms and signs of splenic rupture are so dramatic and the 
findings such that the diagnosis is usually made” is not borne out by this 
review The presence of plasmodia m a blood smear does not rule out the 
need for surgery until the possibility of a ruptured spleen is excluded 

TREATMENT 

The treatment of rupture of the spleen is always surgical because, although 
several alleged cases have recovered without operative treatment, this compli- 
cation IS almost always rapidly fatal 

Operative mortality in the eight cases between 1895 and 1920, before the 
advent of malarial therapy, is summarized in Table V Comparison shows 
that the mortality has not been lowered in recent years, despite advances in 
technics of anesthesia, shock treatment, and splenectomy 


Table V 


U cases 

Correct diagnosis 

Inoculation 

36 

0 

Naturally 

Acquired 

1920-1946 

19 

7 

Naturally 
Acquired 
before 1920 

Operations 

3 

IS 

8 

Postoperative death 

1 

4 

1 

General mortality 

94 5 % 

39% 

Nonoperated 
almost 100% 

Operative mortalitv 

33% 

26% 

12 44% 


Importance of early diagnosis is seen from Table VI, where it can be 
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observed that all the fatalities, and most of the serious postoperative complica- 
tions, occurred m those operated upon over 48 hours after onset 


Table VI 

RELATION OF MORTALITY AND DELAY IN DIAGNOSIS 


Total 

Less than 2 hour® 
2-24 hours 
24-48 hours 

Over 48 hours 

Unstated 


Fatalities Survivals 
5 14 

0 2 

0 8 

0 1 

4 2 

1 1 


Nonfatal Complications 
6 

2 (relapse malana) 

1 (wound dehiscence) 

1 (pneumonia) 

1 (relapse malana) 

1 (pneumonia) 

1 (aubphrenic abscess) 


One case died three hours postoperatively of shock One case died i6 days 
postoperatively of pneumonia Another died of continued hemorrhage, and 
peritonitis, I2 days after an attempt at tamponade 

Other older methods of treatment, such as suture and enveloping the spleen 
m omentum, have occasionally been used successfully, but the treatment was 
splenectomy in every survival in this senes 

Generous blood transfusion has been used only in the more recently 
reported cases, and is essential because of the preexisting anemia and high 
fever Autotransfusion in traumatic rupture of malarial spleens has been used 
with good results Paracentesis as a method of diagnosis and preoperative 
autotransfusion has been used and may occasionally be feasible Prompt 
plasma or, preferably, blood transfusion may resuscitate moribund patients, 
such as ours, and enable diagnosis and operative intervention 

Adequate medical treatment of the associated malaria is essential Intra- 
muscular atabrme 04 Gm reaches an effective plasma concentration within 
15 minutes, vhich is maintained by o 2 Gm. 1 m each four hours for six doses, 
and o I Gm 1 m or p 0 daily for seven days This will promptly arrest, or 
prevent, relapse which, even if not present, is so likely to occur postoper- 
atively Intravenous quinine must be given slowly, and is more toxic to an 
already strained cardiovascular system It offers no advantages over the ata- 
brme treatment outlined 

Although better medical and antishock treatment may improve the surgical 
mortalit}’-, the death of two-thirds of the cases without operation indicates 
that the greatest need is for accurate and early diagnosis 

CONCLUSIONS 

1 The 65th case of spontaneous rupture of a malarial spleen reported 
since 1917 IS described and the other cases reviewed 

2 Spontaneous rupture of the spleen occurs with all species strains and 
in all stages of malaria, but chiefly in active "benign” tertian (P vivax) 

3 The clinical picture, diagnosis and mortalit}^ of spontaneous splenic 
rupture in paretics is contrasted with that during malaria occurring in nor- 
mals In paretics, sudden "malarial shock” and penpheral collapse may be due 
to spontaneous rupture of the spleen even when the patient complains of no 
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pain, IS afebrile, and the abdominal findings are negative The clinical picture 
in nonsyphilitics is moie typical of findings noted in traumatic rupture of the 
spleen However, the abdominal pain is variable, the spleen is usually not 
palpable, abdominal spasm is moderate, so that the diagnosis was seldom 
made early, or preoperatively, m this series 

4 Pathologic findings in our case illustrate how reticular and endothelial 
hyperplasia obstructs venules and sinuses and causes the interstitial and 
subcapsular hemorrhages that fiequently lead to rupture 

5 Treatment of choice is urgent splenectomy However, energetic chemo- 
therapy of active malaria is vital Circulatory adjustments to preexisting 
anemia, fever and active infection demand prompt restoration of blood volume 

6 With earlier diognosis, blood transfusion and antishock treatment more 
cases will be operable, and the present high mortality lowered 

Addendum Photomicrographs were kindly photographed by Dr Stanley L Rea, 
of the Department of Pathology of Tulane University kledical School, New Orleans, 
Louisiana 
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PENETRATING WOUNDS OF THE CEREBRAL VENTRICLES* 
Henry G Schwartz, M D , and George E Roulhac, M D 

St Louis, Mo 

FROM XHC DEPARTMENT OF SURGERY, WASHINGTON UNIVERSITY SCHOOL OF MEDICINE, ST LOUIS MO 

In 1918, Cushing^ reported a series of 30 cases of wounds of the ventricle, 
with six recoveries He stated that “one of the most serious complications of 
penetrating brain wounds is the opening of the ventricle or the traversing of 
the ventricle by a missile or by bone fragments ” Autopsy reports showed that 
48 per cent of his patients died of infection , 26 per cent died from hemorrhage 
either subdural, mtracortical or intraventricular, and the remaining 26 per 
cent died from either extensive intracianial damage or pneumonia All these 
cases were debrided without widely opening the dura and by the method of 
blindly irrigating the tract of the missile The average time-interval betw^een 
injury and operation in Cushing’s series was 25 hours, wuth extremes being 
five and 72 hours 

Haynes^ has recently reported a series of 100 cases of ventiicular injury 
In 77 operated cases, the mortality was 337 per cent, with 103 per cent 
incidence of infection He classified penetrating w'ounds by the size of the 
missile and damage incuned Wounds wuth narrow tracts, produced by small 
missiles, he treated “by blind suction and irrigation through either the brain 
needle or long glass aspirator until the ventricle is reached ’’ 

This report is based upon 50 consecutive cases of verified ventricular 
penetration proved by inspection of the opening into the ventricle either at 
operation or at postmortem examination (Table I) Thirteen (26 per cent) 
of these cases were operated upon primarily by us at the 21st General Hos- 
pital (U S Army) There w^as no selection of cases, and suigery was not 
denied because of moribund condition One patient died befoie operation, 24 
hours after he was wounded 

Thirty-one cases (62 per cent) were inadequately debrided at forward 
installations and were reoperated by us one or more times because of infection 
or retained foreign bodies Fourteen (28 per cent) of these had retained bone 
chips or metallic foreign bodies lying within the ventricle which required 
removal There were five proved cases of ventricular penetration which were 
operated upon at other installations with recovery Over-all mortality rate 
was 30 per cent (15 cases), of which 60 per cent was due to infection, and 
40 per cent to vital brain damage 

Only two cases returned to combat duty, their reassignment being dictated 
by the gravity of the tactical situation at the time* 


* Presented in part at a meeting of the American Academy of Neurological Surgery, 
September 10, 1946 
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CASE REPORTS 

Case 1 — A 25-year-old French-Arab soldier was wounded on May 13, 1944 He 
was admitted to our hospital 18 hours after injury, in stupor, with a penetrating wound 
of the right temporal region Roentgenograms demonstrated a 3-cm bone defect, with a 
shower of bone fragments and two small metallic fragments deep m the right parietal 
lobe and a metallic fragment in the left parietal lobe just beyond the midline At oper- 
ation, after retraction of the right temporal muscle, a mass of necrotic brain and clot 

A B 



C D 

Fig I — Case 2 (a) and (b) — Postero-anterior and lateral roentgenograms show- 
ing a penetrating wound in the left parietal bone, with numerous mdriven bone fragments, 
which extended through the anterior horn to the falx 

(c) and (d)— Roentgenograms made after operation Patient had temporary aphasia 
and hemiparesis of right arm Returned to duty 26 days after injury 


gushed out through a i 5-cm dural defect Retractors were inserted into the tract and 
all damaged brain and bone chips were removed The tract traversed the body of the 
right ventricle and one group of bone fragments was removed from the ventricle The 
tract was followed for a depth of 7 cm , there was no indication to go through to the 
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opposite Side to remove the metallic foreign body in the left parietal lobe As debride- 
ment was earned out, the hitherto pulseless brain began to pulsate freely After oper- 
ation, the patient had temporary weakness of the left arm and face, and had low grade 
pneumonia He improved rapidly, getting up on the 9th day Paresis of the arm and 
face cleared completely within two weeks Because of the tactical situation, and the 
soldier’s great desire to return to his regiment, he was sent back to combat duty on 
June I, 1944 

Case 2 — An Arab who was admitted January 30, 1944, 48 hours after injury He 
had a tangential left fronto-parietal wound, and showed weakness of the right arm and 
face and aphasia Operation consisted of debridement with remo\al of 15 indnven bone 
fragments (Fig i) The tract extended into the anterior horn of the left ventricle, and 
the falx was visualized at the end of the tract Tight closure was effected after mobiliza- 
tion of the scalp and use of a modified Isle of Man incision The wound healed 
per primam Within 48 hours, sensory aphasia disappeared Right arm weakness per- 
sisted for two weeks, when motor speech returned He returned to duty on Februarj 

25, 1944 


Tabli; I 

ANALYSIS OF SO CASES OF PROVED rEXTRlCULAR PENETRATION 



Total 

Infection 

Death Due 

to 

Deaths Infection 

Death Due 
to Brain 
Damage 

Primary operation 

13 

2 

4 0 

4 

at 21st GH 

(+1) 

(-1-1 Pre-op) 

(-hi) 

Pnmary operation Forward 

36 

31 

10 9 

1 

TIME INTERVAL (HOURS) PRIOR TO 

SURCERa 


1 


Minimum 

Maitimum 

Average 

Primary at 21st G H 


S 

96 

39 

Pnmary at Forward Hospital 


3 

29 

IS 


CASES HRUtAJtrLY DEBRIDED 

There were 13 cases which were operated upon primanl}'- by us (Table 
I) They were admitted to the hospital at intervals varying from three to 96 
hours after wounding, with half the cases arriving within 24 hours after being 
hit The average time-interval bettveen injury and operation -was 39 hours 
Of the 13, there were four deaths (30 per cent) The time intervals behveen 
injury and operation m these cases were 12, 23, 31 and 36 hours, respectively 
Necropsy demonstrated that death was attributable to damage to vital centers 
There were no deaths from infection, and there w'^ere only two cases in 
which infection developed One in which the scalp w as closed under too great 
tension developed an abscess in the tract, m the other an abscess formed 
around a metallic foreign body and leaked into the ventricle Both cleared up 
promptly after adequate surgery Details of these two cases follow 

Case 3 — A. 29-year-old soldier, was struck in the right parietal region by a mortar 
shell fragment, on November 14, 1944 On admission to the 21st General Hospital, 17 
hours later, he ivas comatose The left side was spastic and there were bilateral patho- 
logic toe signs Through a 3-cm wound in the right parietal region, brain and clot pro- 
truded Roentgenograms showed a fracture m the right panetal bone, with multiple 
indnven bone chips, in addition there was a large metallic foreign body m the midhne 
at the level of the lateral sinus (Fig 2) 
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Operation was performed i8 hours after injury The right parietal wound was 
debrided Under direct vision, a forked tract of necrotic brain, clot and bone fragments 
was followed through the posterior part of the right lateral ventricle, through the 
occipital lobe, to the tentorium Through a hole in the tentorium, mecrotic cerebellai 
tissue exuded, and there was considerable bleeding coming from the posterior fossa A 
suboccipital craniotomy was then done Macerated anterior lobe of the right cerebellum 

A B 



C D 

Fig 2 — Case 3 (a) and (b) — Preoperative films, showing wound of entry in right 
parietal bone Bone fragments driven deeply into the parietal lobe (arrows labeled A) 
A large metallic fragment is present in the midline beneath the tentorium (arrows 
labeled B) 

(c) and (d) — Postoperative films showing parietal and occipital bone defects, bone 
fragments and metallic foreign body have been removed 

was sucked away There was a tract leading from the hole in the tentorium to the 
rostral part of the vermis Just caudal to the aqueduct, the metallic foreign body was 
found, directly in the midline, and was removed Both wounds were closed tightly 
Because of loss of skin m the parietal region, a scalp flap was fashioned and rotated to 
effect closure By undermining further anteriorly, it was possible to close the donor site 
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as well This proved to be an error, since it resulted in too much tension on the suture 
line Chemotherapy was begun immediately 

Following operation, the patient’s condition iinpio\cd and he began to icspoiid The 
cerebellar incision healed per pnmam The parietal wound, however, became macerated 
at Its central portion, because of too great tension at the suture line Aspiration beneath 
the skin flap showed slightly purulent fluid, examination of which showed numerous pus 
cells, and gram-positi\ e rods w'hich were thought to be B subtihs after culture Peni- 
cillin was injected locallj'' Six days after operation, the patient’s condition deteriorated 
His neck became stiff, and a frank cerebrospinal fluid leak was present through the 
parietal wound Skin edges w'ere spread and penicillin was injected through the opening, 
using 10,000 units eierv six hours Two da3S later, with evidence of an increasing 
infection, secondary craniotomy was done The infected tract was sucked out and the 
\entncle wall was found to be coiered with exudate Tins was remo\ed A pocket of 
foul-smelling pus communicating with the ventricle was eiacuated Penicillin was 
instilled and the wound w'as closed This time, the donor area of the rotation flap was 
not sutured, thus, good closure over the wound was obtained without tension 

Fue dajs after secondary craniotomj, the donor area was covered w'lth a full-thick- 
ness skin graft The wound healed without further difficulty The patient’s subsequent 
course showed stead\ improiement, complicated onlj by left otitis media and laryngeal 
diphtheria The latter complications necessitated delay in e\acuation He was evacuated, 
February 7, 1945, tw'o and one-half months after his last operation Examination at 
that time showed considerable zmizdsuchl, left bomon>mous hemianopsia, bilateral mvs- 
tagmus, marked ataxia of the right arm and leg, and staggering gait 

Case 4 — A 21-3 ear-old officer, w'as struck b3 mine fragments on May 15, 1944 
Eiacuation w’as dela3'ed, and no definitne treatment was given On admission, May 19, 
1944, he was drow'sy and the neck was very rigid There was marked papilledema on the 
left The right e3elids were sw'ollen shut There w'as an extensive area of contusion 
and laceration of the right frontotemporal region I he left arm was weak There was an 
undebrided wound of the left foot 

Roentgenograms (Fig 3) showed a fracture of the right orbital ridge and a defect 
at the sphenosquamosal suture line There were several small metallic fragments in 
the right temporal region, one larger fragment just anterior to the right mastoid, and 
another piece of metal in the occipitoparietal region near the midline 

Operation was performed on l^Iaj 19, 1944 A defect in the right orbit was found 
and debnded down through a tear in the orbital capsule This defect did not extend intra- 
cranially After retracting the temporal muscle, a defect in the anterior part of the 
squamous bone, just above the zygoma, was visualized This was enlarged and retractors 
were inserted into the mouth of a tract which ran posteriorly and medialb" Necrotic 
brain and clot were sucked out The tract was followed into the temporal horn of the 
ventricle The opposite wall of the ventricle was visualized and found to be bruised by 
the course of one of the fragments No attempt was made to go be3mnd the far wall 
of the ventricle, nor to remove the fragment in the occipitoparietal region After hemo- 
stasis was secured, the wound was closed tightly 

The patient was placed on sulfadiazine, and he began to improve A mild otitis media 
developed on the right, which cleared up after removal of the large metallic fragment 
from the posterosuperior portion of the auditory canal The head wound healed well, 
but on the fifth day the patient began to complain of severe headache, and the temporal 
defect became tense 

On May 24, 1944, the wound of entry was reopened The tract leading to the ven- 
tricle was found to be grossly clean (smears and cultures subsequently reported negative) 
Accordingly, this wound was closed A perforator opening was then made m the right 
parieto-occipital region at a point thought to be near the retained foreign body At a 
depth of 3 cm , an abscess was found and ver3 foul pus was aspirated Gram-positive rods 
were seen on smear 
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Roentgenologic examination was repeated, for better localization of the foreign body, 
and two days later, the fragment was removed It lay in a pocket containing a small 
amount of pus and was surrounded by necrotic brain The perforator opening was closed 
The patient again did well for about five days, but then began to get drowsy, and 

A B 



C D 

Fig 3 — Case 4 (a) and (b) — Preoperative films showing entry wound, frontotem- 
poral (EN and arrows) , numerous small metallic fragments, one large fragment (A and 
arrows) just anterior to the right mastoid, one fragment (B) in the paneto-occipital 
region near the midline The latter was found to be associated with a Clostridial abscess 
which communicated with the ventricle and was removed at a second stage 

(c) and (d) — ^Final postoperative films before discharge, showing the temporal bone 
defect, the metallic fragments in the right parieto-occipital and mastoid regions have 
been removed 


showed evident signs of increased pressure On May 31, 1944, following ventriculography, 
the right occipitoparietal bur-hole was reopened, and a large quantity of pus gushed out 
Through the previously-created dural defect, retractors were inserted and a tract sucked 
out The walls of the tract were covered with thick exudate, and the tract was found to 
communicate with the lateral ventricle After evacuation of the tract, 10,000 units of 

63 


SCHWARTZ AND ROULHAC 


Annals of Surgery 
Januars 1948 


penicillin were instilled The wound was closed with silk, leaving a narrow corrugated 
rubber drain, which was removed after two days (This was contrary to our usual 
practice, but at this time, we were still fearful of Clostridial infection) Bactenologic 
examination showed the organism to be C sporogcnes After removal of the drain the 
wound was completely healed in ten days 

Following this operation, the patient’s course was very satisfactory Convalescence 
was delayed by the wound of his left foot This was closed secondarily on June i8, and 
the patient was then allowed to get up Examination showed a temporal field defect in 
the left eye with central field intact Vision in the right eye was limited to light percep- 
tion, due to detachment of the retina and vitreous hemorrhage Hearing on the right was 
6/20, on the left 20/20 There was slight weakness of the left arm, but fine hand 
movements were present 

He was evacuated on July 14, 1944 Letters were received at frequent intervals 
There has been no recrudescence of infection as late as 20 months after operation Vision 
has improved to the point where this man is able to play as excellent a game of golf as 
before his injury, and he leads his customary active life on his farm 

CASES PRIMAUILY OPERATED TTPON ]N EORWARD INSTALLATIONS 

Of 36 such cases which reached our hospital, 31 required secondar)' oper- 
ation Primary operations weie performed at intervals ranging from three to 
29 hours after injury, with an average time-interval of 15 hours Among the 
31 there were 12 cases of abscess, three of meningitis, and 14 cases of ven- 
triculitis and meningitis, theie were two cases with retained bone chips with- 
out clinical evidence of infection There w^ere ten deaths m this group of 
cases (32 per cent), w'lth infection being the lesponsible cause m nine 
(Table I) 

FACTORS IN MORTALITY 

Analysis of our own cases as well of those of others, reveals that there 
are three factors which are of paramount importance in the production of the 
morbidity and mortality following w'ounds of this type 

I Fust ts introduction of infection, with lesnltant ventuciditis This is 
one of the most feared complications of ventricular penetration, and is borne 
out in our cases Treatment should, therefore, be directed towards removal of 
the potential source of infection and eradication of infection if already present 

Case 5 — A 26-year-old soldier, was wounded in the left frontal region by a shall 
fragment, on March 5, 1944 Craniotomy was performed 24 hours later at an Evacuation 
Hospital, a 7-cm tract was cleaned out, sulfanilamide was instilled, and the wound was 
closed, with a drain Chemotherapy was instituted On removal of the dram on the 
following day, leakage of cerebrospinal fluid was noted 

On admission to the 21st General Hospital, March ii, 1944, there was a defect in 
the lower part of the wound, with sanguinopurulent drainage On compression of the 
upper part of the wound, gas escaped through the defect Cultures of the pus were 
reported positive for staphylococcus and streptococcus Roentgenograms (Fig 4 a, b) 
revealed a large frontal defect, involving the supra-orbital ridge and left frontal sinus, 
with extensive linear fracture lines There was a large nest of retained bone fragments 
in the left frontal region, in a position corresponding to the anterior horn of the 
ventricle Lumbar puncture revealed elevated pressure (310 mm of water) , the fluid 
was cloudy and contained 250 cells 

On March 14, 1944, secondary operation was performed A mass of pus and 

64 



\olume 127 
Vumber 1 


WOUNDS OF CEREBRAL VENTRICLES 


necrotic brain was found and removed Retractors were inserted through a tract 8 cm 
long and i 5 cm wide, which led directly to the anterior part of the lateral ventricle 
Four bone chips were removed from the depths of the tract The wound was closed 
There was steady improvement for five days, at which time the lower end of the wound 


A 


B 



C D 

Fig 4 — Case 5 (a) and (b) — Roentgenograms on admission, prior to secondary 
debridement There is a large frontal bone defect, with numerous retained bone frag- 
ments (A and arrows) driven in to the anterior horn of the ventricle The barely per- 
ceptible fragment outlined by arrows and labeled B was overlooked, 

(c) and (d) — Postoperative films show the large nest of bone fragments in the 
frontal lobe replaced with silver clips The small fragment (B) which was overlooked in 
the preoperative films, has shifted position and now lies in the occipital horn 


was spread, and 10 cc of pus escaped Purulent drainage increased and the patient 
became aphasic Roentgenograms (Fig 4 c, d) revealed that the nest of bone chips had 
been removed Reoperation revealed an abscess just beyond the limits of the previous 
exploration 

The patient’s course was steadily downhill Repeated smears and cultures after 
March 14 showed gram-positive rods Signs of meningitis progressed Bilateral post- 
panetal bur-holes were made on April 4, and 10,000 units of penicillin was injected into 
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each ventricle daily In addition to parenteral penicillin and sulfadiazine, this patient 
received 155,000 units of penicillin intravcntricularly He died on May 12, 1944 Autopsy 
revealed extensive encephalomalacia of the left hemisphere, basal ganglia and thalamus 
There was marked left frontal cerebntis and lateral ventriculitis 

On reviewing this case, it is apparent that incomplete debridement, with 
retention of bone fragments, was responsible for the infection The lack of 
available penicillin during the first days of his hospitalization cannot be blamed 
After very careful reexamination of the roentgenograms, it was found that one 
barely perceptible bone chip was overlooked m favor of the prominent nest of 
bone m the anterior horn In comparing the fihns before and after removal 
of this mass, it can be seen that a chip lying m the posterior parietal region 
was still present and had shifted position (Fig 4 b, d) This obviously lay in 
the occipital horn In view of this finding, w'e believe that, had we not over- 
looked this bit of bone, its removal through a separate approach might have 
resulted m a happier outcome 

Case 6 — A 20-j ear-old Frencli soldier, received bilateral pancto-occipital wound 
on November 15, 1944 Twenty-five hours later, operation tvas performed at an 
Evacuation Hospital Because of bleeding from the lateral sinus, debridement was not 
completed The wound was packed w’lth gauze Five dajs later, without any further 
attempt at debridement, secondar\ closure, with a transverse skin relaxing incision 
was done 

On admission, November 25, the patient was disoriented His neck was stiff There 
was complete amaurosis The transverse wound over the occiput was found to be broken 
down and infected, and the relaxing incision was likewise infected There were bilateral 
occipital lobe herniae Roentgenograms (Fig 5a, b) revealed numerous indnven bone 
fragments Sulfadiazine therapy was instituted and severe cellulitis of the scalp wt- 
reduced to some extent with wet dressings 

On November 28, the wound edges were excised and spread The bone defect was 
enlarged and the longitudinal sinus exposed The latter had been completely destrojed 
for a distance of 2 cm just anterior to the torcula Two large bone fragments were 
removed from its stump and bleeding was controlled Two tracts in the left occipital 
fungus were cleaned out to a depth of 3 cm Because of the overwhelming scalp infec- 
tion, this procedure was planned solely to remov'e bone chips and establish adequate 
external drainage Therefore, the wound was left open 

There was steady improvement on sulfadiazine therapy until December g, when 
high fever and cervical rigidity returned Penicillin was given intrathecally Under local 
treatment, the scalp became much cleaner and another operation was performed on 
December 16 Just lateral ^o fhe left occipital fungus a tract was found which led 
directly into the occipital horn of the lateral ventricle After debnding the tract, the 
body and temporal horn were vvell-visualized The ventricular fluid was cloudy and the 
wall was smooth and glistening The choroid plexus was coagulated, clipped and excised 
It was thought best not to close the dura with a graft at this time A single-pedicle scalp 
flap was mobilized to cover a 12 x 4 cm defect, and the scalp was closed after instilling 
10,000 units of penicillin into the ventricle 

Signs of meningitis persisted, despite daily intrathecal injection of 20,000 units of 
penicillin Spinal fluid cultures were consistently positive for Staphylococcus albus On 
December 28, the patient became worse Lumbar puncture did not affect the tension 
of the occipital defect Right ventricle puncture through an anterior bur-hole readily 
decompressed the defect however It was evident, therefore, that a block existed at the 
aqueduct, or below Penicillin was injected into the ventricle daily By January 6, the 
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block had disappeared and the patient was greatly improved, but large amounts of flmd 
continued to collect beneath the scalp defect On January i6, the wound was reopened 
The porencephalic cavity m the left occipital lobe measured 6o cc, and there was an 
8-mm opening into the occipital horn (Fig sc, d) The tract was clean except for a 
small amount of exudate at the opening into the ventricle The dura was closed tightly 
with a fascia lata transplant, and the scalp was closed in layers with silk 

A B 


I 






C D 

Fig 5 — Case 6 (a) and (b) — Films before secondary debridement, showing num- 

erous indnven bone fragments and entry wound (EN) 

(c) and (d) — ^Ventriculograms after debridement of tract which communicated 
^eely with the left occipital horn, at debridement, the left choroid plexus was removed 
Films show air in the occipital tract and air m the ventricles, silver clips are seen at 
pomt of communication between porencephalic occipital lobe and the left ventricle 


Following this last operative procedure, the patient showed steady improvement, 
interrupted, however, by repeated flare-ups of staphylococcus meningitis These responded 
to penicillin therapy, and fluid remained clear after February lo He became able to get 
about, and there was light perception in both eyes The wound was solidly healed When 
the patient was evacuated to a French Hospital on March 7, neurologic examination was 
negative, except for visual loss 
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II The second factor, or compbcahon, is that of hemonhage into the 
ventiiculai system Aggressive efforts must be made to arrest or prevent 
hemorrhage and to remove as much blood and clot from the ventricles as 
possible 

We have relegated ventricular hemorrhage to a position of less importance 
than that of infection because in our series of cases of penetrating ventricular 
wounds varying in time after injury from a few hours to several days, ven- 
tricular hemorrhage was by no means as frequent a complication as was 
infection The probable reason for this is that these cases died soon after 
injury and never got back to us The fact that there were so few such cases 
in our series, in no way lessens the importance of this complication or in an\ 
way modifies the recommendation that the clot should be removed from the 
ventricle under direct vision 

Case 7 — A 27-year-old soldier received a penetrating wound in the right midparietal 
region, on December 22, 1944 He had immediate paralysis of the left arm and leg, 

but was able to talk on admission to an Eracuation Hospital, where operation was per- 

tormed 26 hours after injury The surgeon noted that 200 cc of clot and pulpefied 

brain were removed along with bone spicules After instilling 50,000 units of penicillin, 

the wound was closed Meningitis developed in six dajs, and treatment with intrathecal 
penicillin was instituted 

On admission to the 21st General Hospital on January 5, 1945, the patient was 
aphasic There was complete left hemiplegia with loss of fine discriminatory and position 
sense on the left There was bilateral papilledema The wound tvas broken down and 
infected over an area 3 cm long near its center Roentgenograms showed several large 
bone fragments, deep in the parietal lobe, with one fragment shifting in position 
(Fig 6 b, c) 

On January 7, 1945, secondar} craniotomy was performed After excising the 
infected scalp, and removing the dural graft, the mouth of a tract was found in pro- 
truding brain Retractors were inserted into the tract and a large mass of old clot and 
necrotic brain was evacuated The resulting cavity was 60 cc in volume and commun- 
icated, at a depth of 5 cm with a very large defect in the superolateral wall of the right 
lateral ventricle The ventricle was very large and distended with an organized clot On 
removal of the clot, the entire body of the ventricle was visualized, and explored through 
the large opening in its wall Four bone fragments were found lying in the ventricle 
One sizable bone fragment was found adjacent to the foramen of Monro It was thought 
that the dilatation of the ventricle was the result of the large clot rather than blockage 
of the foramen by the bone chip After instillation of 20,000 units of penicillin, the dura 
was closed with a fascial transplant The scalp was closed by means of a rotation flap, 
and the donor area was covered with a full-thickness skin graft 

The wound healed per prtmam, and the patient improved steadily, with rapid clear- 
ing of papilledema Postoperative roentgenograms, however, revealed one retained bone 
fragment which shifted in position between the temporal horn and body of the ventricle 
(Fig 6d) Since cultures made at our first operation were positive, it was decided to 
reoperate and remove the remaining fragment After a short delay, due to the patient 
contracting laryngeal diphtheria, this was done on January 20, through a temporal 
approach 

All wounds healed promptly Aphasia began to clear within a week, at which time 
the patient informed us that he had been left-handed as a child About one month after 
our first operation, the parietal wound became puffy at one point, this was opened and a 
small cotton pledget was removed from beneath the galea No further complications 
occurred He was evacuated on March 21, 1945 At that time, eye grounds were normal 
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There was left homonymous hemianopsia Speech was improved, but by no means 
normal The left arm was still paralyzed , considerable power had returned in the left thigh 

III The tlmd factor, that of associated damage to vital centers, is the 
least amenable of all to improved therapy A fairly large percentage of deaths 

A B 




C D 

Fig 6 — Case 7 (a) and (b) — Lateral views, prior to secondary debridement, show- 

ing three groups of bone fragments , A lies at the foramen of Monro , B lies in the body 
of the ventricle, and C is shown shifting in position from the occipital horn to the 
temporal horn 

(c) — Anteroposterior view At operation, a large clot was found filling the body of 
the ventricle 

(d) — Lateral film, after secondary debridement Compare with (a) and (b) The 
fragment which was originally visualized in the temporal and occipital horns, is retained 
and can be shifted into the body of the ventricle Bone fragments labeled A and B in the 
preoperative films have been removed, together with intraventricular clot 


from this cause was expected and most senes of cases will bear this out How- 
ever, since many patients with vital center damage did not live sufficiently long 
to allow for operation, they formed onl}' a modest group among our cases 
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That some such cases may survive long enough to undergo extensive surgery, 
only to expire days, or even weeks later, must be recognized This is exem- 
plified by the following case, in which the patient withstood the effects of 
intraventricular hemorrhage, but succumbed to a lesion of the brain stem 


A B 



C D 

Fig 7 — Case 8 (a) and (b) — Original preoperative films showing a large metallic 
fragment and mdnven bone chips (A) and a small metallic fragment (B) m the 
brain stem 

(c) — Postero-anterior view after debridement, showing two defects in the left frontal 
and parietal bones, and retained metallic fragment in the brain stem 

(d) — ^Lateral ventriculogram, showing anterior and temporal horns of left lateral 
ventricle, arrows outline a large defect in the body of the ventricle, corresponding to 
intraventricular clot 


Case 8 — A 23-year-old soldier suffered left frontal and parietal penetrating wounds 
on May 31, 1944 (Fig 7 a, b) He became unconscious immediately and remained coma- 
tose At an Evacuation Hospital, debridement was performed within 24 hours after 
injury The patient’s condition became so bad that complete operation had to be aban- 
doned. The scalp was closed 
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The patient remained in coma He was transferred to the 21st General Hospital on 
June 4, 1944 There was a 6-cm left frontal and a 20-cm left parietal sutured scalp 
wound Both wounds were tense and did not pulsate Roentgenograms showed the 
underlying bone defects, with two small bone chips in the parietal lobe, and a metallic 
fragment in the midhne near the base (Fig 7 c) After removal of the skin sutures, the 
scalp wounds began to gape, and the parietal wound broke down with discharge of 
foul pus 

On June 7, 1944, the parietal wound was opened widely The purulent cerebral 
hernia was amputated and a necrotic tract was followed for 3 cm The brain remained 
very tense A ventricle needle was introduced and a large quantity of clot and old blood 
was aspirated from the ventricle The brain began to pulsate Because of the patient’s 
continued poor condition, it was thought unwise to explore the ventricle under direct 
vision, but to attempt to tide him over with ventricle punctures Cultures showed 
staphylococcus on both aerobic and anaerobic media 

The patient’s condition remained poor, and he again showed evidence of pressure 
On June 10, 1944, ventricle puncture was done, and 40 cc of old, brown blood mixed 
with clot was obtained Since the brain was still tense, it was felt that a good deal of 
clot was still present and further ventricular aspiration was futile Ventriculogram 
(Fig 7 d) showed a large defect in the dilated left ventricle It was obvious that, 
despite the patient’s poor condition, removal of the clot was necessary Accordingly, 
retractors were introduced down to the ventricle A large, old clot, surrounded by a thin 
membrane was found in the dilated ventricle The membrane was found to be attached 
at several points to the choroid plexus Clot and membrane were removed One large 
piece of clot, separate from the mam mass, was plugging the foramen of Monro After 
removal of clot, the walls of the tract through which retractors had been introduced fell 
away, leaving a cavity 6 cm deep by 3 5 cm m width, communicating freely with the 
dilated left ventricle Closure was carried out, using fascia lata transplant for the dura 
There was no change m the patient’s condition, and he died on June 13 Autopsy 
showed the tract to be clean , the left ventricle was collapsed and free of clot or exudate 
Extending through the substance of the brain on the left side from the mesencephalon 
into the pons was a hemorrhagic area i cm in diameter and 5 cm long The metallic 
fragment was found lying in the center of a necrotic area 2 cm in diameter in the very 
center of the pons 


PATHOLOGY 

The pathology of wounds involving the ventricles is the same as that seen 
with all types of wounds produced by high explosive shell fragments or 
bullets, and little needs to be added to what has already been written on this 
subject There is, first of all, a shattering of the skull, depending upon the 
size of the missile involved and the angle at which it strikes The dura is torn 
jaggedly to an extent which depends on the size and velocity of the missile, 
the comminution of the skull, and the number of indnven bone chips and 
foreign bodies The tract is filled with pulped brain, blood clots, bone and 
metallic fragments The opening into the ventricle may be of any size, depen- 
dent upon the size of the missile and angle at which it has traversed the 
ependyma The ventncle may be filled with bright blood or clot, plus bone 
chips, hair, etc , or the opening may be only a tiny slit which seals off under 
pressure of surrounding edematous brain 

With incomplete debridement, if an abscess in the tract develops, it may 
leak into the ventricle to produce ventriculitis , or if the ventricle itself is not 
cleaned out, infection may develop primarily within the ventricular system 
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Failure to effect hemostasis from a bleeding choroid plexus may produce 
clots in the entire system or on a single side with a block of the foramen of 
Monro Similarly, infection within the ventricles, producing a shaggy exudate 
over the ependyma and choroid plexus, may extend throughout the system 
and may lead to foraminal block 

DIAGNOSIS OF VENTRICULAR PENETRATIOX 

We have not been able to diagnose ventricular penetration by s3'mptoina- 
tology Signs are dependent upon the area of the brain involved rather than 
penetration of the ventricular wall That these patients are usually acutely and 
seriously ill is to be expected from the amount of cerebral tissue which must 
be damaged in order for a missile or bone fragments to reach the depth at 
which the ventricles he On the other hand, a few cases, vith a narrow tract 
of brain damage and little hemorrhage, may present a deceptively excellent 
general appearance A diagnosis of ventricular penetration may be suspected 
when radiographic examination reveals a tract outlined by bone chips leading 
toward the normal position of the ventricle, but this is by no means certain 
Occasionally, one can make a diagnosis wnth reasonable certainty, when films 
show a radiopaque foreign body which shifts with movement of the head 

TREATMENT 

Treatment ot ventricular wounds is no different trom that of other pene- 
trating wounds of the brain, even though they are more serious by virtue of 
the depth of the wound In a previous paper^ we have reported our earl) 
experiences wnth primary and delayed treatment of penetrating w'ounds of the 
brain, and the actual technic will not be discussed here As further experience 
accumulated, radical surgery, with closure, became accepted procedure m 
almost all cases, despite gross evidence of infection There are some features 
of ventricular wounds how^ever about Avhich more should be said 

Routine stereoscopic roentgenograms (anteroposterior and lateral) of the 
skull are of particular value in cases suspected of ventricular wounds This 
wnll aid in diagnosis not only by giving the dimension of depth to foreign 
bodies but will also assist m the detection of a shift of a foreign body Further 
accurate visualization of the pattern of a group of bone fragments may confirm 
suspicion of ventricular penetration 

Patients suspected of having a ventricular wound should be given top 
priority for surgery, for the greater the delay the greater is the risk of 
infection or clot in the ventricles Operation should be performed promptly, 
preliminary treatment for shock or dehydration having been started as soon 
as possible 

It should be reemphasized here that the crux of the treatment of these 
wmunds is adequate, thorough, aggressive debridement of the entire tract 
including the ventricle, under direct vision It is not reasonable to assume that 
adequate debridement of all pulped brain, clot, hair, bone and metal can be 
done without visualization of this material Not only will debridement be 
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inadequate but the danger of producing extensive damage outside the missile 
tract or of producing further hemorrhage is ever present In our experience, 
following the tract has not been difficult, for as the narrow malleable retractors 
are placed deeper and deeper and pulped brain and clot removed, tension falls 
rapidly and the tract may be spread easily without doing further damage to 
the brain 

In late secondary cases, with abscess and ventriculitis, again we believe 
that radical complete debridement with primary closure is essential Since one 
cannot hope to cure a ventriculitis until the source of contamination i" 

1 emoved, the abscess is evacuated under direct vision and the shaggy exudate 
IS thoroughly sucked-off the wall of the tract Likewise, the ventricle in 
inspected, and clot and bone fragments are removed Metallic foreign bodies 
are removed if readily reached, without inflicting additional trauma Occa- 
sionally, metallic fragments may require removal by drastic means, but m moM 
cases they are innocuous Penicillin is instilled just prior to closure 

Closure of the dura has been accomplished m almost all oui cases b\ 
pericranial, temporal fascia or fascia lata grafts, both in early and late sec- 
ondary cases Just as in uncomplicated penetrating brain wounds, we have 
found that the danger of loss of a graft through infection in a thoroughh 
debnded wound is negligible On the other hand the presence oi a water- 
tight dural closure minimizes the danger of a ventiicular fistula, should a scali’ 
closed under too much tension give way Too, if the dura is not closed theie 
is a tendency for ventricular fluid to collect under the widely mobilized scalp 
to inhibit galeal-pericranial apposition, and to constantly keep the suture line 
under tension If great care is not taken the w^ound will spread from tht 
tension and a fistula may develop, wnth disastrous results from infection 
We believe that fresh pericranium or fascia is the material of choice foi 
water-tight closure Fibrin film was used as a dural substitute in two cases 
with a widely open ventricle , fluid continued to accumulate beneath tlie galea 
until the film was removed and replaced with fascia 

CHEMOTHERAPY 

In World War II there have been twm factors which have been instru- 
mental in the marked lowering of morbidity and mortality rates in head 
wounds First, is complete debridement, and, second, is chemotherapy There 
IS no drug which will ever replace complete debridement in penetrating 
wounds of the brain, and so much drug has been given indiscriminately that 
It IS doubtful whether we shall ever be able to determine accurately tht 
effectiveness of each That chemotherapy has its place in the treatment ol 
penetrating head wmunds in general, and of ventricular wounds in particular 
goes without saying We have used sulfadiazine and penicillin, alone and in 
various combinations, and both have proved to be effective parenterally 
In penetrating ventricular wmunds, we have generally instilled 10,000 to 
20,000 units of penicillin into the ventricle before closure In cases in which 
Nigns of ventriculitis are not present, this has sufficed If, on the other hand, 
definite ventricular infection was found at operation, penicillin in amounts 

73 



SCHWARTZ AND ROULHAC 


AftfiaU of Btircerj 
January 1949 


from 20,000 to 50,000 units in spinal fluid have been administered daily until 
all signs of infection disappeared If there was some contraindication to the 
lumbar route of administration, as for example internal hydrocephalus, it was 
injected directly into the ventricles through the bone defect or through per- 
forator openings made especially for this purpose In our experience, intra- 
ventricular injection of penicillin in the presence of infection has resulted in no 
deleterious effects 


SUAEMARY AND CONCLUSIONS 

An analysis of 50 proved cases of wounds of the cerebral ventricles is 
presented Ventricular penetration was verified by direct inspection at the 
time of operation or at postmortem examination There were 15 deaths in 
the group, including one patient who died before operation 

In a series such as this, in which some of the initial operations were per- 
formed under varied circumstances by several different surgeons, statistical 
analysis means little However, there are some conclusions which may be 
accurately drawn 

Of 13 cases operated upon primarily, there were four deaths, all of which 
were due to brain damage Of 36 cases which were operated upon at forward 
hospitals, 31 required reoperation , there were ten deaths in this group, of 
which nine were due to infection 

Factors in mortality and morbidity have been reviewed, with illustrative 
case histones In those cases of ventricular injury which survive long enough 
to reach surgery, infection is at least as responsible as vital brain damage as a 
cause of death 

Treatment consisting of prompt and thorough debridement of the entire 
brain tract including the ventricle may be expected to lower the mortality rate 
Such debridement should be carried out under direct vision Infected cases 
should be handled m the same way, with removal of debris, retained bone 
fragments and pus, and closure of the wound 

Direct instillation of penicillin at the time of operation, plus pemcillin 
parenterally, and sulfadiazine are effective only when combined with neces- 
sary surgery 
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THE PROBLEM 

Conventional mephods for producing burns in phyjsiologic investigations 
have been relatively crude insofar as they affect many vital structures simul- 
taneously For example Keeley, Gibson and Pijoan^ applied the flame of a 
Bunsen burner to the skin of the thorax m anesthetized dogs, and judged the 
character of their burns by the uniformity of blanching obtained Underhill, 
Kapsmow and Fisk^ applied a heated iron with a fixed temperature to skin 
surfaces for varying periods of time Wilson, Jeffrey, Roxburgh and Stewart^ 
inserted an active electrode with a flat disk into the subcutis beneath the 
platysma to burn all components of skin equally Field, Drinker and White,^ 
and others, have immersed the feet of anesthetized experimental animals in 
water at ioo° C for varying periods of time to create standard reproducible 
burns By all these technics the epithelium, nerve endings, nerve fibers, acces- 
sory glands with their ducts, loose connective tissue, blood vessels, lymphatics 
and subdermal structures are affected unselectively It is true that a burn 
obtained by immersion of a part in hot water at a known temperature for a 
definite number of seconds, is readily accomplished and easily repeated Fur- 
thermore, this type of burn is directly comparable to human experience in 
military and in civil life Yet the fact stands out in the minds of all who have 
attacked the problem, that such burns and their possible general effects repre- 
sent different degrees of heat attack upon many different tissues At the sur- 
face, heat coagulation will occur, and destruction of cells — red, white, 
epithelial, and endothelial — of smooth muscle, of striated muscle, etc , will be 
accomplished where the heat is greatest, and will grade to the center of the 
part where no damage may be done Experimental burns readily simulate 
human experience, but do not give opportunity to relate burn damage both 
locally and generally to uniformity of attack upon any tissue m the injured 
part Assuming — and it is not an idea unjustified by other experiments — that 
injury to vascular endothelium may be the most fundamental lesion in burns, 
It has been the idea behind these experiments that if the leg of an anesthetized 
dog was suddenly perfused with a hot solution of 6 per cent gum acacia, and 
after a few minutes of uniform vascular and adjacent injury the perfusion was 
stopped and the circulation restored to normal, there would be a degree of 
uniformity in the effects of heat not attainable through surface burning by the 
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methods which have usually been employed Certainly, the use of such a 
technic must first aflfect the vascular endothelium, and must show to some 
degree whether injured endothelial cells readily contribute substances to tbe 
blood capable of causing dangerous systemic effects 

A method has, therefore, been developed for perfusing the vascular tree 
of the hind leg of an anesthetized dog with hot solutions, a method permitting 
return to the normal circulation of the part when the perfusion was ended It 
has been possible to observe the local effects and to record the absence of 
general effects as the immediate results of these burns 

The original idea behind these experiments was that injury produced b\ 
hot perfusions might leave the vessels of an extremity specifically damaged 
and it would then become possible to make observations on such matters as 
return to reasonably normal permeability of capillaries, characteristics of 
contraction and dilatation of vessels on appropriate stimulation, fibrin forma- 
tion, and othei issues in the little explored physiology of blood vessels turning 
toward normal in inflamed tissue This field of observation was not reached 
hut data have been gathered on the immediate effects of these thermal burns 
on capillari permeabilitr and on tbe absence of immediate svstemic effects 
from tbe burns 


I<.XPl!.Kl\lb,NI Al ItCHNIC 

Vlungrel dogs, ranging from 12 to 22 kg in weight, were used No pre- 
liminary studies as to hydration, nutrition, blood protein levels, or anemia 
were carried out Sodium nembutal was administered intravenously for gen- 
eral anesthesia, 32 mg per kg being given initially, with supplemental doses 
to maintain full anesthesia at all times 

The right external carotid artery was cannulated for recording arterial 
blood pressure The external jugular vein was exposed for giving intravenous 
fluids and taking blood samples A thermometer was inserted subcutaneoush 
into the abdominal wall for temperature recordings A single intravenous 
injection of 5 per cent dextrose m Ringer’s solution (20 cc per kg of body 
weight) was given each dog early in the day, and one-half hour later a blood 
sample was taken for hematocrit determination 

The dog lay upon his back in a wooden cradle This was arranged on a 
table in such fashion that the cradle’s height could be adjusted above the table 
and by means of ropes and pulleys the dog could be tilted into a nearly upright 
position, a convenient arrangement for immersing the dog’s hmd extremities 
in warm baths just before and during perfusions, and for facilitating the 
measurement of leg volumes by water displacement 

With the hind legs outstretched, an incision was made longitudinally over 
the femoral vessels (Fig i) on the medial aspect of the thigh The sartorius 
w'as retracted laterally, and the adductor longus medially The femoral artery 
and vein, the long saphenous artery and vein, the popliteal artery and vein 
and the short saphenous vein were exposed The femoral nerve was spared 
With this dissection completed, lymphatics of both the hmd legs on the lateral 
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aspect of the calves just above the ankles were cannulated, and samples of 
lymph were collected until a constant range of readings for protein concentra- 
tions was obtained Strap tourniquets were placed around each thigh and held 
close to the groins by the aid of brass cleats which were tied to the wooden 
cradle The long saphenous artery was clamped close to its junction with the 
femoral artery and cannulated (Fig r) The short saphenous vein close to 
Its junction with the popliteal vein was clamped and cannulated Photograph^ 
of both hind feet were taken 


Femoral Vein — f 

Femoral Artery 

Anterior ^ 
Femoral Nerve 

Sartorius Muscle 

Popliteal Artery ^ 

Popliteal Vein 



Long Saphenous Vein 
- Long Saphenous Artery 
Inflow Cannula 
Adductor Longus Muscle 
Short Sophenous Vein 
Outflow Cannulo 
Posterior Tibial Artery 
Lymph Cannulo 



Fig I — Diagrammatic representation of the dissection used in the perfusion 

experiments 


The dog’s cradle was then elevated i8 inches off the table, tilted to a nearl) 
vertical position, and volumes of both hind legs were determined by a water 
displacement method Upon returning the cradle to the horizontal position, the 
hind legs to the ankle were immersed for 15 minutes in water heated to 50° C 
This was done to obtain maximum vascular dilatation in the extremities before 
perfusion The cannula in the long saphenous artery was attached to a supply 
bottle of normal saline and 6 per cent gum acacia solution adjusted to a pH 
of 7 o with sodium hydroxide and ready to deliver the perfusate under 160 
mm Hg of air pressure The acacia solution in a water bath was held at a 
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fixed temperature, varying for different experiments from 38° to 75* C An 
acacia solution was used for the perfusate, since it could be heated at random 
without the formation of precipitates and since it could be relied upon for the 
brief period of the perfusion to maintain the osmotic balance dependent nor- 
mally upon the blood proteins A kymographic tracing of arterial blood pres- 
sure was made at suitable intervals in each experiment 

To begin the perfusion, the arterial clip was shifted from the long saphe- 
nous artery to the femoral artery, and the perfusate began to flow up the long 
saphenous and down the femoral artery To be certain that the leg was 
entirely isolated from the animal’s own circulation, a tourniquet, shown at the 
top of Figure i, was tightened strongly at the groin This was always done in 
the perfused leg, and in many cases upon the opposite control leg so that the 
same period of vascular occlusion as regards normal blood supply would be 
experienced upon both sides As is the case in human experience on occlusion 
of blood flow to the extremities, no alteration in the subsequent volume of the 
control leg was noted in such periods of asphyxia by blocked blood flow as 
have been used in these experiments With the tourniquet upon the perfused 
leg tight, which required but a few seconds, the venous clip was shifted from 
the short saphenous vein to the popliteal vein Gum acacia solution was run 
m for periods ranging from 4 5 to 20 minutes The inflow temperature was 
recorded close to the inflow cannula Outflow temperature and minute 
volume outflow readings were recorded at the delivery cannula three to four 
times during a single perfusion The dog's subcutaneous temperature was 
taken before, during, and after the perfusion At the end of the perfusion, the 
clips were shifted back to their original positions in the same order as above 
The tourniquet was removed A moderate amount of venous bleeding was 
allowed before shifting the venous clip, until such time as colorless or pale 
pink perfusate became dark red again, to prevent shunting the acacia solution 
contained in the leg vessels into the general circulation 

With the dog returned to his own circulation, the feet were removed from 
the hot baths, the cannulated vessels were tied off, the wound closed, and the 
feet were placed in nearly horizontal positions Four- to 36-hour periods of 
observations were carried out following perfusions and included Foot vol- 
umes, lymph flows, lymph protein concentrations, dog’s temperature, arterial 
blood pressure, pulse and respirations , blood hematocrits , photographs of the 
hind legs , skin temperatures on the hind feet , and selected skin biopsies The 
perfused vessels together with controls from the opposite leg were explored 
at the end of the experiment to observe the extent of subcutaneous edema and 
the ease with which bleeding occurred upon making incisions in the skin, and 
for any evidence of thrombus formation or damage to the vascular endothelium 
Selected vessels were taken for microscopic study 

EXPERIMENTS 

After some experience with the method, the question arose as to whether 
the local dissection and the application of a tourniquet contributed significantly 
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to changes in vascular permeability with subsequent swelling of the extremities 
To answer this inquiry, both hind legs of two dogs were dissected, cannulae 
inserted, and the feet immersed in hot baths Tourniquets were applied for 
IO-, 15- and 20-minute periods without perfusions, no swelling, not even 
transient, occurred in any foot In 1 1 dogs, the vessels were dissected and a 
tourniquet applied to the control leg in a fashion similar to the one which was 
perfused None of these control legs showed edema, increase in lymph flow, 
or changes in lymph protein content, while the perfused legs showed all the 
changes 


Tablk I 

RELATIONSHIP BETWEEN DEGREE OF SWELLING OBSERVED IN DOGS’ FEET AND INFLOW TEMPERATURE OF PER- 
FUSATE WHILE PERFUSION PERIODS ARE UNDER 10 MINUTES AND PERFUSION RATES ARB OVER 2S CC PER MINUTE 
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It is a natural speculation as to whether the perfusion with attendant anoxia 
contributed to our results Several dogs were perfused with gum acacia solu- 
tion heated to 38° C for periods ranging from 45 to 13 5 minutes One dog, 
perfused for 13 5 minutes with a very slow rate of flow (18 Ml per minute), 
showed swelling, probably due to obstructed outflow All dogs perfused under 
10 minutes with flow rates better than 25 Ml per minute showed no swelling 
In consequence of the above, perfusions were done for periods ranging 
from 4 to 9 minutes (average 6 04 minutes m 22 experiments), and flow read- 
ings ranging from 34 to 136 Ml per minute (average 67 Ml per minute in 22 
experiments) were achieved Table I is of interest with regard to these 
factors When the rate of flow was brisk and the period of flow not too pro- 
longed, the incidence and magnitude of swelling was in direct relation to the 
temperature of the perfusate It is evident from this table that more than half 
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of the 13 dogs which were perfused with solutions below 56° C showed no 
swelling at any time Five dogs showed very mild swelling which frequently 
was transient and nearly subsided while the animals were under observation 
Every dog perfused above 60° C displayed marked swelling when, as in all 


Table 111 

EXPERIMENTAL PROTOCOL OF DOG 19 WITH RIGHT LEG PERFUSED 
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cases, normal circulation was restored This was progressive while the animals 
were under observation 

Complete data from two experimental protocols are given m Tables II and 
in, illustrating in the one case the meager and readily reversible changes 
\Nhen the perfused solution entered at 56° C , and m the other case the severe 
and progressive changes obsen^ed when the perfusion solution entered at 
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75° C The volume of the feet m both instances increased slightly during the 
immersion in the hot baths, but retuined to normal fairly promptly on the 
control side The volume of the foot perfused at 56° C continued to swell 
slightly for two hours following the perfusion and removal from the hot bath 
(Fig 2, A and B) , subsequently the foot volume slowly returned toward'; 


Fig 2 — Photographs of both hind feet of Dog 12, illustrating mild and 
transient swelling of the perfused right foot (A) Just before, (B) 175 
hours after, and (C) 3 hours after perfusion 


normal during the next hour (Fig 2, C) On the extremity perfused at 75° 
C , however, the foot volume increased progressively during the 36 hours of 
observation following perfusion (Fig 3) The protein content of lymph col- 
lected from the t\vo legs of Dog 12 showed no change on the unperfused side, 
while the protein content dropped and the rate of flow increased for two hours 
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on the perfused side These changes were followed during the next two hours 
by a diminution in rate of flow and a reversion towards normal of the protein 
concentration In Dog 19, on the other hand, the lymph protein content during 
the observation period steadily rose, simultaneously the flow increased and 
the color of the lymph became pink Microscopic examination of the lymph 
revealed numerous free erythrocytes in small chimps The systolic arterial 

A 



B C 

Fig 3 — Photographs of both hind feet of Dog 19, illustrating the 
severe and progressive swelling of the perfused right foot (A) Just before, 
(E) 375 hours after, and (C) 22 hours after perfusion 


blood pressure of Dog 12 was sustained throughout the experiment, and hema- 
tocrit measurements showed no significant alterations Upon the introduction 
of the hot perfusate m Dog 19, there was a transient drop m systolic arterial 
blood pressure accompanying severe sensory stimulation, this was quickly 
restored before the six minutes of perfusion \\ ere completed During the fol- 
lowing 36 hours, however, there was a ver}' gradual drop in blood pressure 
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and increasing hemoconcentration with a rising hematocrit At the time of 
sacrifice of Dog 12, incision made into the dorsum of the perfused foot showed 
no subcutaneous edema and considerable free bleeding from transected blood 
vessels No vascular thromboses were detected upon dissecting the major 
arterial and venous trunks In Dog 19, on the other hand, incision into the 
dorsum of the perfused foot displayed copious amounts of subcutaneous edema 
and no free bleeding Upon dissecting the major vessels there were freshlv 
formed, friable clots in the femoral arteiy and popliteal vein 



Fig 4A — Microscopic view of skin biopsy from the perfused right 
hind leg of Dog 12, illustrating no changes (X40) 


Pathologic studies were carried out on all experimental subjects Selected 
skin biopsies were taken from the web space and dorsum of each hind paw 
Transverse sections were made across segments of femoral and popliteal 
arteries as well as femoral and popliteal veins These were fixed in Zenker’s 
solution and stained with eosin methylene blue In addition, segments of 
popliteal veins were slit longitudinally, washed with distilled water, stained 
on the endothelial surface with 10 per cent silver nitrate solution for one 
minute, washed again with distilled water, and fixed in 10 per cent formalin 
By this technic, refined by O’Neill,® the intercellular cement of the endo- 
thelium was visualized together with the geometric pattern of the endothelium 
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Fig s — High-powered microscopic view of the skin biopsy from the 
perfused leg of Dog 19, emphasizing the wide dilatation of the lymphatics 
congestion of the capillaries, and extravasation of erythrocytes (x go) 



Fig 6A — Microscopic view of the endothelial pat- 
tern of the intact endothelium of the popliteal vein from 
the control leg of Dog 19 (X 60) 
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520 cc (average 337 cc in 17 experiments), and total outflow readings 
ranged from 150 to 535 cc (average 320 cc in the same 17 experiments) In 
most instances the inflow and outflow were nearly equal, but m experiments 
in which the outflow was more or less than the inflow there w^as no correlation 
with the incidence of swelling 

Discussion — ^The data from these experiments can by no means settle the 
much debated problem conceining the etiology of the systemic effects of 



Fig 6B — Microscopic view of endothelial pattern of 
the fragmented endothelium of the popliteal vein from 
the perfused leg of Dog 19 (X 60) 


thermal burns Like other workers,®’ ’ w’e have no evidence of the existence 
of immediate shock under the experimental conditions described above 
Whether the systemic changes in blood pressure and hemoconcentration, as 
indicated m Table IV, are due to the release of toxic substances (Wilson, 
et aP'^) or aie due to the shift m body fluids (Blalock® and Harkins®), or 
both, continues to leraam an unanswered question In view of the fact that 
several of our perfusion experiments were done under complete aseptic surgical 
conditions, we believe that neither bacteiia nor bacterial toxins have contrib- 
uted to our findings Aldrich^® has made clear, how’ever, that bacteria play 
little role in burns duiing the first 36 hours, the longest time during which 
our animals \vere studied 

In the investigation of the role of hypoxia and anoxia in these experiments, 
these findings are in general accord with those of Kellaway and Rawlinson^^ 
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who perfused the isolated lungs of guinea-pigs with saline Their perfusions 
were, however, carried out over six-hour periods, and they concluded that 
anoxia does not cause any gross injury to tissue cells and is unlikely to aggra- 
vate heat injury to any significant extent Six per cent gum acacia solution 
was used in the experiments reported in this paper in order to provide the 
colloid osmotic pressure of normal circulating blood plasma With this solu- 
tion warmed to 37° C , it was found that perfusions for increasing intervals 
of time beyond 10 minutes were attended by increasing amounts of swelling 
Within this time limit, however, hypoxia did not appear to alter vascular 
permeability 

In their third paper, Kellaway and Rawhnson^-^ studied the effects of hot 
saline perfusions on the isolated hind limbs of guinea-pigs and the fore limbs 


Table IV 

RELATIONSHIP BETWEEN DEGREE OF SWELLING AFTER PERFUSION AND CHANGES IN 
ARTERIAL BLOOD PRESSURE AND HEMATOCRIT 


Arterial Blood Pressure Hematocrit 


Dog 

No 
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29 
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14 
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18 

18 
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25 

45 

+20 
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19 

16 4 
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136 

-36 

28 

51 

+23 

+ + + + 


of cats Again their perfusions were carried out over periods lasting several 
hours They washed the vascular tree free of blood constituents by running 
through approximately a liter of saline at a rate of 10 to 15 Ml per minute, 
and then continued their perfusion for several hours at a rate of about i to 2 
Ml per minute, high rates of flow for simple saline solutions Under more 
precise experimental conditions with an intact animal, it is indicated that the 
duration and rate of flow of the perfusion play a role in altering the permeabil- 
ity of the vascular endothelium as judged by the incidence of leg swelling, rate 
of lymph flow, and alterations of lymph constituents 

SUMMABY 

I A new method for perfusing the vascular tree of the hind extremity of 
the intact dog has been described A solution of normal saline and 6 per cent 
gum acacia solution at a pH of 7 o was the perfusate 
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2 The results of employing this technic for the study of the effects of heat 
on the permeability of the vascular endothelium and neighboring structures 
locally are described and discussed 

3 In addition, observations on the systemic effects of such burns on the 
animal generally are reported 

4 A new method, from O’Neiirs^ unpublished work, has permitted exam- 
ination of the cellular pattern of the vascular endothelium 

The authors wish to express their profound gratitude to Dr Cecil K Drinker for 
his many helpful suggestions and sympathetic supervision while this work was being 
conducted m his laboratory 
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HOMOGENOUS FETAL CARTILAGE GRAFTS TO BONE 


AN EXPERIMENTAL STUDY 

Stuart D Gordon, MD,MS,FRCS (C), FACS, 

AND Rupert F. Warden, B Sc , M D 

TonoNTO, Canada 

Previous experimental work with diced cartilage has proved that 
autogenous grafts survive transplanting and in some cases exhibit growth 
Studies conducted here have confirmed these findings ^ We observed viable 
cartilage three months after grafting into a long-bone defect m a rabbit 
Replacement by bone was exceedingly slow It was decided to investigate 
the reactions m adult long bone when a defect was repaired with diced 
homogenous fetal cartilage 

Fetal tissues have received considerable attention in recent years Pure 
strains of cartilage cells from chick embryo were grown m vit 7 0 by Fischer'^ 
on embryo media for over three months FelF was able to show that isolated 
fowl femora 5 5-6 days old had a capacity for self-differentiation and vitro 
increased to three times their size with no change in gross proportions His- 
tologically, they had a normal cellular differentiation She was able to show 
that a phosphatase was liberated m viti 0 and this enzyme was produced onlv 
when large hypertrophic cells were present 

In subsequent work Fell and Robison'* confirmed the need for hyper- 
trophic cartilage cells in the production of phosphatase They were able to 
observe osteogenesis in mandibular mesoderm around Meckel’s cartilage of 
fowl by hanging-drop tissue culture methods 

This means that tissue culture methods have proven early cartilage has 
the propensity for self-differentiation in vitio, as well as the production of 
phosphatase 

Transplanted epiphyseal cartilage has also been studied Early conti- 
nental observers had suggested that when epiphyseal cartilage was grafted to 
a bony site it continued to grow In fact, Straub’s^ case of an epiphyseal 
bone transplant in a boy, with excellent clinical results 16 years postopera- 
tively, strongly suggested this Nevertheless, after intensive experimental 
study Haas® was able to conclude that the epiphyseal cartilage plate loses 
Its ability to produce length growth after transplanting This was confirmed 
by Bisgard’s’’^ work with goats 

Embryonic cartilage m vtfro has the power to grow, to differentiate and 
to liberate phosphatase Yet, when epiphyseal cartilage, itself actively grow- 
ing and undergoing replacement by bone, is transplanted, some of these po- 
tentialities are lost This study is an endeavor to ascertain the histologic 
reactions involved when healthy voung fetal actively growing cartilage is 
transplanted into adult long bone 
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Fig 2 

Fig I — Four days postoperatively Several dices of fetal cartilage he within 
toe defect Each is Mled with deeply-staimng cartilage cells, two or three to a 
lacum An ingrowth of connective tissue cells has begun to surround the dices 
Fig 2 — One week postoperatively One corner of a cartilage dice is shown, 
OTdently through an epiphyseal line, wuth solid cortical shaft bone beside the graft 
Considerable cancellous bone is replacing the cartilage, which is invading in normal 
patterns 
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Fig 4 — Three weeks postoperatively One comer of a dice of fetal tissue is 
seen surrounded by active cancellous bone The chondrocytes are arranged in 
layers and flattened Towards the line of ossiflcation some lacunae are enlarged 
and empty and communicate with the medullary cavity 
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Matenal — A supply of fetal material was obtained by removing uterus 
and feti from a near-term female rabbit Under sterile conditions the long 
bones of the unborn rabbits were dissected out and the cartilaginous epiphy- 
seal ends removed These were diced into approximately o 5 mm cubes and 
preserved in sterile saline solutions 

Method — The experimental animal was anesthetized and a long bone of 
the forelimb exposed A defect, one-half-mch in diameter, was created on 
the cortex and extended into the medulla No complete fracture of the bone 
was made Into this defect the fetal cartilage dices were packed tightly and 
held in place by the periosteum and tendon of the limb The incision was 
closed with black silk and collodion dressings applied No immobilization 
was used, the animal being free as soon as consciousness was regained 

Fifteen such animals were used, and were sacrificed at four days, one 
week, and thereafter at weekly intervals Sections were taken m the axis of 
the limb through the defect to show normal shaft on either side of the car- 
tilage grafts After decalcification they were stained with hematoxylin and 
eosin 


KKSIIL.TIS 

hour dayi po^t operatively Many dices of cartilage are seen completely 
hlling the defect Each dice shows marked cellular activity, with lacunae 
well-filled with two or more cells, many of which are undergoing division 
Surrounding each dice are ingrowths of connective tissue cells, growing 
parallel to the dice surface There is no evidence of cartilage necrosis or 
reaction by the host to the homogenous material 

One week postopei atwely Cartilage cells are still filling the lacunae but 
on one side, evidently the epiphyseal line, the process of ossification is con- 
tinuing with large cystic-like lacunae being invaded by tongues of bone 

Two weeks postopei atively Dices of cartilage have lost their solid ap- 
pearance and appear “motheaten ” Defects throughout the matrix exist in 
the form of wide channels These are lined with deeply-staining cells, run- 
ning parallel to the wall The cartilage itself is less cellular, the lacunae 
larger and incompletely filled by chondrocytes Each cell stains deeply, many 
clinging to the lacunar walls, some pyknotic and a few round and pale Some 
lacunae appear to be coalescing Cancellous bone surrounds the dices 
Three weeks postoperatively Each dice is well-surrounded by cancellous 
bone, the matrix of which becomes continuous with the cartilage matrix 
Chondrocytes stain well and are arranged in flattened “piles,” as in a healthy 
epiphyseal line Ossification is progressing from one side Here, large 
empty lacunae communicate with the medullary cavity. 

Six weeks postopei atively All dices are now firmly bound together by 
connective tissue and cancellous bone There is continuity of bone and car- 
tilage matrices Invasion of the dices by large channels continues but these 
inroads are for the first time filled with clumps of deeply-staining round cells 
These tend to line the channel walls 

Seven weeks postoperatively The remains of cartilage dices are seen as 
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Fig 5 — Six weeks postoperatively A portion of cartilage is firmly embedded 
m cancellous bone Some lacunae are cystic and enlarged, while others contain 
many chondrocytes and some mitotic figures are seen in these latter The matrices 
of surrounding bone and cartilage are continuous The tongue of absorption con- 
tains many small deeply-stained round cells 

Fig 6 — Seven weeks postoperatively A small island of cartilage completely 
buned m cancellous bone Some lacunae contain deeply-stained chon^ocytes 
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islands of cartilage more or less walled-off by cancellous bone Many lacunae 
retain two or more cells, but these are larger and paler than formerly, and a 
few lacunae are empty Round cells buried in meshwork line the walls of 
bony trabeculae 

Ten to 12 weeks postopeiatively Islands of cartilage remain completely 
surrounded by thickened cancellous bone Lacunae are enlarged and some 
in the central portions of the grafts are empty, cystic and tend to coalesce 
Many, however, retain deeply-staining nuclei of chondrocytes, but all evidence 
of mitosis has disappeared A few scattered tongues of erosion are seen 
between cartilage and bone These contain many deeply stained cells but no 
giant cells 

Discussion — If transplanted epiphyseal cartilage continued to grow at 
the rate of untransplanted cartilage, and if replacement by bone followed the 
normal pattern, one could expect bizarre exostoses to result from such grafts 
That this IS not the case is now evident We must conclude that while 
homogenous grafts survive for the most part, propensity for growth is gen- 
erally lost Replacement by bone follows the scheme already established for 
autogenous cartilage grafts to bone 

When homogenous tissues are grafted, a reaction to the foreign material 
is observed It is minimal in cartilage and corneal grafts This takes the 
torm of a lymphocytic reaction which reaches its peak around 30-50 days 
after transplanting and then falls off gradually (Loeb®) We believe the 
clumps of deeply-staining round cells seen first in the six-weeks specimen 
represents this lymphocytic reaction against fetal homogenous material It 
IS interesting to note that in fowl, which normally have a higher percentage 
of lymphocytes than mammals, this reaction reaches such proportions as to 
absorb homografts entirely (Loeb and Siebert®) 

CONCLUSIONS 

1 Fetal rabbit cartilage, when diced and grafted into a long bone of an 
adult animal will survive up to three months 

2 Slow replacement by cancellous bone from the host takes place, similar 
to the replacement of autogenous diced cartilage grafts 

3 No evidence, gross or microscopic, is found that fetal tissue after 
homograftmg retains any great propensity for growth or differentiation 

4 A mild localized round cell reaction is observed to reach its peak about 
six weeks after transplanting 


REFERENCES 

^ Gordon, S D , and R F Warren In press 

- Fischer, A A Pure Strain of Cartilage Cells m Vitro J Exp Med , 36 379, 1922 
3 Fell, H B The Growth, Development and Phosphatase Activity of Embryonic Avian 
Femora and Limb Buds Cultivated in Vitro Biochem Journal, 23 767, 1929 
■* Fell, H B , and R Robinson Development and Phosphatase Activity in Vivo and In 
Vitro of the Mandibular Skeletal Tissues of the Embryonic Fowl Biochem Journal 

24 1905, 1930 


96 



Volume 127 
Number 1 


HOMOGENOUS FETAL CARTILAGE GRAFTS 


® Straub, G F Anatomical Survival, Growth and Physiological Function of an Epiphy- 
seal Bone Transplant S G 0 , 48 687, 1929 
® Haas, S L Further Observations on the Transplantations of the Epiphyseal Cartilage 
Plate S G 0 , 52 958, 1931 

’’ Bisgard, J D Transplanted Epiphyseal Cartilage Arch of Surg, 39. 1028, 1939 
® Loeb, L Transplantation and Potential Immortality of Mammalian Tissue J Gen 
Physiol ,8 417, 1926 

® Loeb, L, and W J Siebert Transplantation of Skin and Cartilage in Chickens Arch 
Path , 20 28, 193s 

807 Medical Arts Bldg 
Toronto s, Ontario, Canada 


97 



ACROMIOCLAVICULAR DISLOCATION 


END-RESULTS OF SCREAV SUSPENSION TREATMENT 

Boardman Marsh Bosavorth, M A (Oxon ), M D 

BnoN xMLi-i , Ntw YoiiJv 

Among the vaiious operative methods for the lepaii oi complete acromio- 
clavicular dislocation which have been advocated are fascial suture/’ - wire 
fixation/’ ^ and excision of the tip of the clavicle The proponents of 
each of these procedures have reported favorable results in their owm hands 

It IS now six years since I introduced treatment by screw’ suspension ® 
In a little ovei a year, from Decembei, 1940, to January, 1942, I perfoiined 
this operation upon eight patients This is a report of the end-results of each 
of those operations Nine additional cases in which this method w’as used by 
other surgeons are included in the clinical piotocol, although they aie ex- 
cluded from the summary of end-iesults, as none of them w’as ever seen by 
me personally 

This operation was designed temporarily to maintain 1 eduction of a com- 
plete acromioclavicular separation by the insertion of a single vitallium screw, 
under local anesthesia, through the outer poition of the clavicle into, and 
through, the underlying coracoid piocess of the scapula Subsequent to pub- 
lication of my original paper the same operation was independently devised 
by Vere-Hoge in England It was used successfully there in the treatment 
of air casualties of the recent war ^ 

In each of my cases the screw alone was depended upon foi full support 
during the period of healing Although a sling was ahvays pi escribed post- 
opeiatively no patient wore it more than a few days because of the relief and 
feeling of well-being experienced as a result of the screw support 

Seven of my cases w’ere freshly incurred injuries but one of them became 
a three-month-old redislocation, with a frozen shoulder, befoie final and suc- 
cessful repair One other came to me as a two-month-old injuiy, with frozen 
shoulder The patients varied m age from 23 to 74 yeais and, in physique, 
from paratroopers to elderly ladies All were operated upon in the hospital, 
with full operating room facilities and assistance available They spent only 
one night in hospital (with the exception of the two cases of frozen shoulder 
w’hich w'ere kept longer for traction suspension following freeing of the ad- 
hesions about the shoulder joint) One patient went home the day of 
operation 

In no case in which the newdy designed flanged screw was inserted 
through both cortices of the coracoid process did it pull out, even partially, 
nor did the original fine-threaded screw pull out in three of the four patients 
in whom it was used In two cases the screw broke without pulling, with 
one failure in a man who refused reoperation and one success, with perma- 
nent reduction and full function The screw’ was removed from two of my 
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patients, at six and seven weeks, respectivej}^ with no recurrence of dis- 
location in either one No screw has ever migrated to another part of the 
body 

Callus and bone, visible by roentgen ray, have developed within the sub- 
stance of the coracoclavicular ligaments to some extent m every case At 
tunes this has resulted m the formation of a considerable mass of bone but 
with no interference with function Absoiption of bone about the screw 
threads has occurred wathout affecting the end-result in any w^ay, but it seems 
to be the exception rather than the rule w'hen the screw is properly placed 
Six of my patients have now' been follow'ed, w'lth personal examination, 
over four years, tw'o of them more than five years, since operation Another 
w'as last seen at two years and three months and another at six months In 
SIX patients perfect reduction and function of the acromioclavicular joint 
have been preserved by the screw' repair One patient has perfect function 
and has been doing heav}' woik for three years although the screw pulled a 
quarter of an inch Another completely redislocated after the screw' broke 
at four w'eeks and the patient has refused further tieatment 

If the results in these eight cases are considered w'lth respect to anatomy 
(A), economics (E), and function (F), and are graded from o to 4 (o de- 
noting failure and 4 being excellent), the} may be summarized as follows 
Six cases — A4 — E4 — F4, one case — A3 — E4 — F4, one case — Ao — E2 — F2 
Details of the operative technic have already been published ^ The fol- 
lowing modifications have been made as the result of added experience 

(1) The Screw and Its Implantation — Only a screw of an electrolytically 
inert material, having a wide-flanged thread of minimal pitch and a broad, 
flat head, should be used In most patients the one and a half-inch screw 
will grip the under surface of the coracoid adequately with the acromio- 
clavicular dislocation reduced Occasionally, when the distance betw'een 
coracoid and overlying clavicle, follow'ing reduction, is greater than normal 
(one-half inch) or the individual has very large bones, it may be necessary 
to employ the one and five-eighths or the one and three-quarter-inch screw 

Complete reduction must be secured before the hole in the clavicle is 
drilled and the screw' inserted so that proper direction of the screw is as- 
sured A tiny hole may be made w'lth an aw'l in the upper surface of the 
coracoid to start the screw' but the coracoid must not be drilled and the 
screw must penetrate both cortices of that bone 

Roentgenograms taken during operation have proven superior to fluoros- 
copy as a means of checking placement of the screw' It is more comfort- 
able for the patient, and easier for the surgeon, if the patient is supine on 
the table rather than sitting in a chair during the operation The clavicle 
depressor originally recommended® has been found unnecessary 

(2) Postopeiafwe Caie — Although my patients have all regarded a sling 
as a nuisance, it is an excellent pS}chologic adjunct to treatment, for it serves 
as a constant reminder of their potential infirmit} until soft-tissue support is 
attained The sling should be remoA ed at tunes during the day and the pa- 
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tient encouraged to do arm-swinging exercises and “crawling up the wall ” He 
should also be allowed to bathe, dress and feed himself, to shave and to 
brush and comb his hair, all from the day after operation In between these 
activities, and at night, a sling should be worn for the first eight weeks 
Any heavy work during this period must be interdicted by the surgeon in 
no uncertain terms and he should see the patient frequently to make sure 
that these orders are obeyed The screw may be left in place indefinitely or 
removed after eight weeks 



A B 

Fig 1 — Case i P B , housewife, age 74 
A Before operation 

B Five years and 4 months result with old type screw A4 — E4 — F4 


CLINICAL PROCTOCOLS 

Author’s Cases 

Case 1 — P B , the first patient to undergo this method of repair was operated upon 
12-14-1940, at age 74 ® She had sustained a complete right acromioclavicular dislocation 
from a fall three days before operation (Fig lA) Severe generalized arthritis made 
immobilization of the upper extremity inadvisable Personal examination over five years 
after operation reveals no gross deformity, no limitation of motion and no impairment 
of strength compared with the other shoulder This m spite of the fact that two months 
after operation she fell downstairs again and pulled the screw about one-eighth inch as 
shown by roentgen-ray 

Comment In view of the fact that later roentgenograms (Fig iB) 
showed absorption of bone about the screw it is obvious that permanent 
maintenance of reduction is dependent, as was anticipated, upon firm healing 
of the soft-parts and not upon the screw The formation of bone between 
coracoid and clavicle is interesting Five years and four months result 
A4 — E4 — F4 

Case 2 — B , was operated upon 2-7-41, at the age of 73,® ten hours after she 
had fallen from a chair The tip of the clavicle was displaced i 5 inches above the 
acromion and nearly compounded the overlying skin (Fig 2A) An excellent reduction 
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was secured, but at three weeks she did heavy housework, against advice, and redislocated 
The same screw was replaced but failed to hold Three months after the original oper- 
ation this screw was removed and replaced, under direct vision, with a specially designed 
flange-threaded screw At the same time adhesions which had formed about the shoulder 



A B 

Fig 2 — Case 2 MB, housewife, age 73 
A Before operation 

B Five years and 2 months result A4 — E4 — F4 



[ 


I 


Fig 3 — Case 3 J M , laborer, age 65 

Two years and 3 months result with old type screw which broke 
Patient refused reoperation Ao — B.2 — ^F2 


joint were broken up by manipulation under general anesthesia Clinically, the patient 
has no complaints referable to the injury or repair She does all her own housework 
There is no deformity, no loss of strength and she has full active motion in the 
affected shoulder 
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Comment This case proves that screw suspension can be used success- 
fully in an old persistent dislocation even in the presence of a frozen shoulder 
severe enough to require manipulation under anesthesia The lack of bone 
absorption about the screw threads is noteworthy as is the production of new 
bone in the soft-tissues betA\een coracoid and clavicle (Fig 2B) Note that 
the screw penetrated both cortices of the coracoid Five years and two 
months result A4 — E4 — F4 


A 



Fig 4 — Case 5 E G laborer, age 27 
A Before operation 
B Screw not inserted deeply enough 

C Four years and 10 months result A3 — E4 — F4 Exctlknt function although 
^crew had pulled slighth 


Case 3 — M , was operated upon 2-20-1941, at the age of 65 A fall on the ice 
two days previously had resulted in a complete right acromioclavicular dislocation Full 
reduction was not secured at the time of operation The old style screw was used and 
at four weeks it broke, with recurrence of dislocation (Fig 3) This patient persistently 
refused reoperation with the new type of screw When last examined, t\\ o years and three 
months after operation, his only complaint was of occasional pain in the affected shoulder 
and weakness m the arm 

Comment Partial reduction placed the screw at a great mechanical dis- 
advantage and subjected it to increased stress, yet, because the screw was 
inserted through both cortices of the coracoid it did not pull out — it broke 
The result at two years and three months, must be classed as an operative 
failure, patient refusing further treatment Ao — E2 — F2 
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Case 4 — A M, was operated upon 2-20-1941, at the age of 34, for a complete left 
acromioclavicular dislocation This was a compensation case involving a highly nervous, 
\ery apprehensne indnidual whose injury was the result of a fall the day before oper- 
ation Roentgenograms® and clinical e\amination at seven weeks showed excellent reduc- 
tion \\ith complete, stiong painless function Howevei, patient worried constantly about 
having a metal screw m her shouldci and it was removed by another surgeon When 
patient was last seen b\ me, six months after the oiiginal opciation, there were no com- 
plaints referable to the shouldci and she had been doing heavy work as a masseuse for 
three and a half montlis Tlieic was no dcfoimity, no limitation of motion, no w^eakness 
and no pain 

CoMMiNi The sciew in this case was placed through both cortices of 
the coiacoid and though it was of the old fine-thieaded variety it held securely 
until It was 1 emoted Six months lesult A4 — E4 — F4 



Fig 3 — Case 6 C P, athlete, age 24 
\ Scicw' not mscilcd deeph enough 

B Foui \eais and 6 months result Note abundant callus Seived oveiseas as 
paratrooper '\4 — R4— F4 


Case 5 — E G , was operated upon 4-23-1941, at age 27, for a complete left aciomio- 
clavicular dislocation (Fig 4 A and B) resulting from a fall on the shoulder a day or 
tw’o before This patient resumed heavy w'oik in less than four wrecks, against advice 
Recentlv, five yeais since operation, this patient w'litcs from California “I have been 
doing heavy w’oik now' for about thiee years The sciew' is still W'heie jou put it I 
hardly ever give it a thought any more as my left shoulder don’t pain or bother me ” 
Roentgenogiams (Fig 4C), taken 2-5-1946, show' slight pulling of the screw with new 
bone formed about the shaft and no absorption about the screw threads 

Case 6' — C P, at the age of 24, suffeied a complete left aci omioclavicular dislo- 
cation w'hen he w'as struck forcibly on the point of the shouldei by another man’s head 
during a baseball game Opeiation was performed, S-22-1941, one w'eek after injury, 
with the new' flanged sciew' In this case, also, the screw pulled slightly (Fig 5 A) At 
SIX w'eeks the screw was removed, under local anesthesia This patient was a big, heavily- 
muscled young man who w'as accepted for enlistment in the an coips w’lthm one year 
after operation Later, he served as a paratrooper m the Pacific Examination, 2-5-46, 
revealed an apparently noimal shoulder There was no pain, limitation of motion, 
deformity or weakness Roentgenogiams (Fig sB) show maintenance of good reduction, 
w'lth a heavy mass of bone appaiently uniting the coracoid to the overlying clavicle On 
roentgenograms taken 111 other planes, liow'evei, a pseudarthrosis can be seen to travel se 
this bony mass lioiizoiitally 
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Comment In both the preceding cases, the screw was not inserted far 
enough to grip both cortices of the coracoid and the patients resumed heavy 
work, against advice, too soon Four years and ten months result in Case 5 
A3 — ^E4 — F4 Four and one-half years result in Case 6 A4 — ^E4 — F4 

Case 7 — R H , at the age of 23, sustained a complete right acromioclavicular 
dislocation (Fig 6A) by landing on the point of his shoulder while making a flying 


A 

^ 



B C 


Fig 6 — Case 7 R H , electrical engineer, age 23 

A Failure of pressure dressing 
B Screw reduction 

C Four years and 2 months result Reduction maintained despite breaking of 
screw Patient accepted by navy A4 — E4 — F4 


tackle in a football game This was another tall, muscular individual Tight adhesive 
strapping for two weeks failed to maintain reduction and caused extreme 
skin irritation Operation was performed, 12-20-1941, with the new flanged screw 
Excellent reduction was secured (Fig 6B), and he returned to full (clerical) work eight 
hours a day the second day after operation, without a sling He dressed and took care of 
himself from the day of operation but he noticed a slight restriction of motion in reaching 
across his chest or behind his back Ten rveeks after operation, while lifting a 75-pound 
weight, he felt the screw snap and immediately found himself with a complete range of 
motion In 1944, he was accepted for service m the navy Examination, 2-22-1946, 
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revealed no pain, tenderness, limitation of motion, weakness or deformity Roentgeno- 
grams (Fig 6C) show the broken screw, but reduction well-maintained and consid- 
erable bony callus in the healed coracoclavicular ligaments 

Comment In this case the screw obviously interfered to a slight extent 
with full range of motion in the acromioclavicular joint until the screw broke 
When, as here, the screw restricts motion, it should be removed at eight 
w^eeks Four years and tw o montlis result A4 — E4 — ^F4 


A 



B C 


Fig 7 — Case 8 N W , housewife and business woman, age 47 

A Firmly adherent acromioclavicular dislocation and frozen shoulder 
B Fracture of humerus following remanipulation by another surgeon seven weeks 
after original surgery Note that screw did not pull in spite of force applied 

C Four years and 2 months result No recurrence of acromioclavicular dislocation 
A4 — E4 — F4 Surprisingly good function with malformed head of humerus 


Case 8 — N W , at the age of 47, was knocked down by an automobile more than 
two months before she came for treatment During this time she had been wearing a 
pressure dressing and receiving physiotherapy three times a week Examination revealed 
a very thin, extremely apprehensive woman who seemed on the verge of a nervous 
brpkdown There was a persistent severe dislocation of the right acromioclavicular 
joint, the tip of the clavicle riding above the acromion (Fig 7A) It had become fixed 
in this position by adhesions and could not be reduced All motions in the shoulder joint 
were severely limited by adhesions and attempts at passive motion elicited intolerable 
pain At operation, 1-13-1942, the adhesions about the frozen shoulder joint were broken 
up by manipulation under general anesthesia The acromioclavicular joint was exposed, 
adhesions severed by sharp dissection and complete reduction was secured This was 
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maintained by the insertion of a flanged vitallium screw m the usual manner One week 
after operation I was called to active army duty and lost control of the patient Seven 
weeks after the initial surgery, manipulation undei anesthesia was again performed by 
another surgeon to free the shoulder joint which had refrozen This, unfortunately, 
resulted in a fracture thiough the larefied surgical neck of the humerus (Fig yB) 
although reduction of the acromioclavicular dislocation was maintained by the screw 
The patient was dischaiged three weeks later, but for eight months she returned to 

A 



B C 

Fig 8 — Case 9 M C, laborer, age (?) (Courtesy of Dr D H Maunz, Brad- 
ford, Pa ) 

A Preoperative film 

B Screw inserted well through both cortices of coracoid 

C Five months result Note maintenance of reduction despite heavy work and 
extensive callus formation in coracoclavicular ligaments A4 — E4 — F4 

the clinic dailj for phvsiotherapy When seen four years and two months after operation, 
this woman had changed from a pain-ridden cripple to a cheerful housewife The 
acromioclavicular joint remained reduced, but there was restriction of motion in the 
shoulder joint due to the fracture of the humerus previouslj mentioned She could reach 
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well behind her back, to the back of her neck and the top of her head Roentgenograms 
(Fig /C) show reduction of the aciomiocla\iculai joint with the screw encapsulated 
by bone The humeral fracture has healed, with a deformed head 

Comment This case was an old aci omioclaviciilar sepaiation compli- 
cated by a badly fiozeii shouldei and a subsequent fiactuie of the surgical 
neck of the humeius incuned dm mg tieatment Four years and tw’'o months 
result of the aci omioclaviculai lepair Aq — Eq — Fq 

Casa of Otiici Sutgeous (based on pcisonal commumcat on) 

Case 9 — (Fiom Di Daniel H Maunz, Bradfoid, Pa ) M C. a manual laborer, 
12-14-1941, suffered a complete aciomiocla\iculai dislocation (Fig SA.) A.n attempt to 
insert the screw m tiie coracoid, 1-2-1942, with patient sitting upright, failed On 
i-d-1942, with patient hmg on his back and undci gencial anesthesia, open reduction 
of the acromioc'aMLi lar separation was accomplished, the coracoid was exposed and the 



Fig 9 — Case 10 N B, kboiei, age (•') (CouiUs\ of Di G K Coonse, Boston, Mass) 
A Four months old acioniioclavicular dislocation 
B Six months result Dislocation over-reduced A4 — E4 — F4 


screw' inserted under direct vision (Fig SB) Latest roentgenograms (Fig SC), taken 
more than three months after operation, show' maintenance of excellent reduction, no 
absorption about the screw' threads and a mass of fresli callus extending from coracoid 
to overlying clavicle When last seen by Doctor Maunz in June, 1942, five months after 
operation, the patient was doing heavj' w'ork and had no complaints This patient died of 
other causes some tw'O yeais ago 

Comment Note that the sciew' penetiated both coitices of the coracoid 
and that abundant callus formed m the region of the torn ligaments Five 
months result Aq — Eq — Fq 

Case 10 — (From Dr G Kenneth Coonse, Boston, Mass) N B, a manual laborer, 
presented an acromioclavicular dislocation that w'as more than four months old (Fig 
9A) Screw reduction w'as performed in April, 1941, and the patient returned to fairly 
heavy labor two months later At the last examination six months after operation Doctor 
Coonse reported “a very satisfactory end result At present time there is less prominence 
on the affected side than on the normal side” Roentgenograms (Fig 9B) taken one 
month postoperative show' reduction maintained by screw in good position 
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Comment This was an old persistent acromioclavicular separation suc- 
cessfully treated with screw suspension Note again that the screw was made 
to penetrate both cortices of the coracoid, and that callus formed in the liga- 
ments Six months result A4 — E4 — ^F4 

Case 11 — (From Dr F W Slobe, Chicago, 111 ) “H H, age 59, was injured 
10-1-1945, the outer end of the clavicle projecting into the muscles and skin pbstenorlv 
(Fig loA) He -was operated upon 10-4-194S Recovery was uneventful, and he wa>^ 
singularly free from pain and discomfort during convalescence He returned to his work 
as a teamster six weeks later Roentgenograms (Fig loB) taken m December, 1945 
show some upward displacement, with the screw pulled out partially ” Five months after 
operation “there has been no increase m the deformity as indicated on his last roentgeno 
grams He has very little discomfort in the shoulder and has full range of motion 



A B 


Fxg 10 — Case ii H H, teamster, age 59 (Courtesy of Dr F W Slobe, Chicago, 111 ) 
A Complete acromioclavicular dislocation 

B Five months result Screw not inserted deeply enough Excellent function A3 — ^E4 — F4 


Comment This was an industrial case and he has made no claim for 
compensation which, I think, is quite indicative of how he feels about the 
result I feel also that functional impairment is minimal 

Case 12 — (From Dr F W Slobe, Chicago, 111 ) “A S, age 43, 1-22-1946, was 
injured m an automobile accident and suffered a complete acromioclavicular dislocation on 
the right side We did not see the patient until a few days later, when he was sent 
to the hospital and was operated upon It appeared that we had a good fixation and 
reduction in the operating room, but roentgenograms taken the following day showed 
that the screw had only contacted part of the coracoid (Fig iiA), so a few days later 
the procedure was performed again, this time being checked by an anteroposterior 
roentgenogram This worked very well and we obtained an excellent reduction (Fig 
iiB) ” 

Comment These two cases illustrate the superiority of roentgenograms 
over fluoroscopy as a means of checking screw position during operation, as 
well as the necessity of sinking the screw firmly into the coracoid so that its 
threads grasp the under cortex of that bone Five months result in Case ii 
^ 3 — ^E4 — ^F4 It IS too early to give an end-result in Case 12 
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Case 13 . — (From Dr W F Cotting, Boston, Mass ) “A young man fell off a 
traveling crane, and I was able to insert one of your screws and obtain a very excellent 
result He was immobilized m a double sling for about two weeks, and within four 
weeks had normal motion It is now 12 weeks since he was injured, and he shows today 
perfectly normal shoulddr motion with no loss of function ’’ Neither the roentgenograms 
nor the patient can be located 



A B 

Fig 11 — Case 12 A S, occupation (?), age 43 (Courtesy of Dr F W Slobe, 
Chicago, 111 ) 

A First attempt at reduction using fluoroscope Screw not inserted deeply enough 
B Reoperation, using roentgenologic check-up Screw solidly implanted Case too 
recent for end-result 



Ftg t 2 — Case 17 (Courtesy of Dr S A Bernstein, Brooklyn, N Y) Four-year 

result A4 — ^E4 — F4 


Case 14 — (From Dr W F Cotting, Boston, Mass ) “I operated upon G M , 
10-25-1941 He was a truckdnver and made a good recovery He had normal range of 
motion in the shoulder and no appreciable mobility at the acromioclavicular joint He 
made his last postoperative visit on 11-17-1941 I heard no more from him until 3-9- 
1942 Examination then showed a foreign-body reaction manifested by some local tender- 
ness and inflammation On 3--l6-i942 (five months after the original operation) I 
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removed the screw under local anesthesia, and last saw him postoperatively on 4-6-1942 
He was back at work and had no symptoms The wound was fully healed and he had 
normal motion and function I have been unable to locate the roentgenograms ” 

Comment Removal of the screw in Case 14 apparently did not weaken 
the repair Although roentgenograms 111 both the foi egoing cases can not be 
located, reliable clinical examination indicates the end-results at three months 
in Case 13 and five and one-half months m Case 14 as A4 — E4 — F4 

Cases 15 and 16 — (From L E Giljc, Capt , M C, U S N, Chief of Surgery, 
U S Naval Hospital, Bethesda, Md ) “I used the acromioclavicular screw on two 
cases In the first case, the screw broke loose from the coracoid process after about si\ 
to eight weeks and had to be removed because it was producing pressure on the sur- 
rounding area In the second case, the screw was utilized to fix tlie distal end of the 
clavicle to the coracoid process and a portion of the short head of the biceps was brought 
up and anchored to the clavicle The sciew was only left in place until the tendon of 
the short head of the biceps was firmly adherent to the clavicle” 

Comment It is regiettable that the roentgenograms m these two cases 
are unavailable Also, there is no indication as to nhen these two patients 
resumed heavy work However, the end-result in the first case was an ob- 
vious failure and that in the second case, although apparently successful, is 
immaterial since the sciew was used as an adjunct in the operation and not 
depended on for sole support 

Case 17 — (From Dr S A Bernstein, Brooklyn, N Y) “I operated upon my 
patient 4-6-1942 He had a full range of motion four weeks after the operation Exam- 
ination 3-22-1946 Patient states that the right shoulder does not bother him except for 
a slight grating noise on certain motions of this joint He uses the arm very freely and 
does not spare it He was discharged from the army after two and one-half years of 
service in an engineer outfit His discharge was not predicated on any disability The 
right shoulder shows no elevation of the outer end of the clavicle as compared with the 
left There is a full range of active motion in all directions No weakness of the 
muscles of the right shoulder girdle Good power of both hands There is no tenderness 
over the outer end of the clavicle ” Roentgenograms (Fig 12) show that the screw has 
not moved, and that reduction of the acromioclavicular joint has been maintained 

Comment Two and one-half years of service m an engineer outfit dur- 
ing the lecent war is a good test of any method used in repairing an acromio- 
clavicular dislocation Four-year end-result A4 — E4 — F4 

SUMMARY 

Detailed end-iesults have been presented of 17 cases in which a suspen- 
sion screw was used by seven diffeient suigeons in the treatment of aciomio- 
clavicular dislocation Eight of these are the first consecutive cases m which 
the operation was used Modifications of the opeiative technic are presented 

CONCLUSIONS 

The long-term end-results of screw suspension in the treatment of acute 
and chronic dislocation of the acromioclavicular joint have been very satis- 
factory In addition, disability of the patient has been minimized, early 
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mobilization of the extremity has been assured, and convalescence shortened 

Experience has shown that dangeis inherent m the operation are negligible 
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[SCHEMIC NECROSIS OF THE ANTERIOR CRURAL MUSCLES 
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FROM THE ORTHOPEDIC SERVICE O REILLY GENERAL HOSPITAL SPRINGFIELD MISSOURI 

Isolated noninfective gangrene involving the muscles of the anterior 
compartment of the lower leg is not a frequently encountered clinical entity 
In 1942, Child^ reported such a case following a simple fracture through the 
middle third of the tibia and fibula , and in reviewing the literature from 1850 
to 1942, he could find only 14 cases of noninfective gangrene accompanying 
fractures of the lower leg, only one of which involved the anterior tibial 
artery alone 

With the advent of large orthopedic services m Army hospitals throughout 
the country, this condition of localized gangrene has been recognized more 
frequently The failure to recognize and diagnose accurately the condition no 
doubt accounts for the small number of cases reported in the literature Sirbu, 
Murphy and White^ have reported four cases of ischemic necrosis of the 
anterior crural muscles Two of these cases were associated with fractures 
of the lower leg, another case followed surgical repair of a defect in the 
anterior crural fascia, and the fourth case had no antecedent trauma other 
than participation in a long march Recently, Horn® has reported two similar 
cases not associated with any acute trauma 

The etiology of this condition, of course, is a functional impairment of the 
anterior tibial vessels of a degree sufficient to produce gangrene of the anterior 
crural muscles In the cases which are associated with fracture of the tibia or 
fibula, it seems logical to assume that the anterior tibial vessels may have been 
damaged irreparably at the time of the original injury, even though the 
fracture may show little comminution or displacement and the trauma produc- 
ing the fracture may have been of a minor character 

Anatomically, there are several factors which may enhance the possibility 
of damage to the anterior tibial vessels in cases of trauma to the leg The 
origins of the anterior and posterior tibial arteries are quite rigidly fixed by 
surrounding structures so that they are subject to injury not only by direct 
violence but also by force transmitted to the bifurcation of the popliteal artery 
from other parts of the leg The anterior tibial artery passes to the front of 
the leg through a relatively small aperture above the upper border of the 
interosseous membrane It is reasonable to assume that the vessel might be 
damaged by any trauma transmitted to this site At this location, too, the 
vessel lies close to the medial side of the neck of the fibula, and might be trau- 
matized easily by a jagged fragment of bone when the head and neck of the 

* Formerly Lt Oil in the Medical Corps A. U S 
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fibula are fractured Finall}, the boundaries of the anterior crural compart- 
ment are quite rigid structures , the thick deep fascia of the leg, the antenor 
intermuscular septum, the interosseous membrane, and the tibia and fibula 
rigidly enclose the tibialis anterior, extensor hallucis longus, extensor digi- 
torum longus and peroneus tertius muscles The anterior tibial vessels and the 
peroneal ner\'e enter this compartment and may be secondarily damaged by 
pressure produced by swelling within this tightly enclosed space 

In the absence of any acute trauma to the lower leg, the cause of the circu- 
lator}' impairment of the antenor tibial vessels may be very difficult to deter- 
mine In one of the cases reported by Horn, a fibrosis of the media, adventitia, 
and periarterial tissue of the antenor tibial arter} was found, and it w'as 
assumed that this fibrosis might be the result of repeated overwhelming 
demands made upon this vessel Excessne walking and marching may have 
some direct relationship to circulatory disturbances m the anterior crural 
muscles 

The clinical aspects of this s}ndrome are well illustrated in the following 
case reports 


Case 1 — After returning from a night cross-countrj training flight on 25 October 
1943, a 25->ear-old Air Cadet noticed a gradual onset of se\ere cramp-Iike pam m his 
left lower leg as he walked the half mile distance back to his base The muscles o\er the 
anterolateral aspect of the left lower leg became hard and painful to touch, but there 
was no redness or swelling He entered a local station hospital the same night where a 
diagnosis of acute osteomielitis was made, despite the fact he had no feier Warm 
stupes were applied to the entire left leg The following daj, 26 October 1943, the 
patient was operated upon A four-inch longitudinal incision w'as made over the antero- 
lateral aspect of the proximal third of the tibia and eight drill holes were placed in the 
bone No pus was encountered at time of operation The wound was packed open wnth 
laselined gauze On 15 No\ ember 1943, an attempt was made to close this wound by 
secondarj suture, but the wound failed to heal 

The soldier was admitted to this general hospital on 31 December 1943 for further 
treatment On admission the soldier was afebrile There was a small draining sinus 
o\er the anterolateral aspect of the proximal third of the left tibia and a slightl} tender 
fluctuant area o\er the lateral aspect of the distal third of the tibia There was complete 
parahsis of all the anterior crural muscles Roentgenograms of the leg re\ealed slight 
periosteal reaction in\ohing the distal third of the tibia 

On 5 January 1944 the soldier was taken to the operating room, where both the 
fluctuant area and the draining w'ound were explored Necrotic muscle and tendon were 
found in both areas The two small incisions w'ere connected by a longitudinal incision 
extending from the lei el of the tibial tuberosity to the level of the external malleolus 
The antenor crural fascia was incised, exposing the soft, friable, reddish-gray muscle 
bellies of the anterior crural muscles All of these muscles were necrotic and were 
remov ed readib' by finger dissection The anterior tibial vessels were ligated , but it was 
noted that there was very little bleeding in these vessels There was no palpable pulsation 
in the antenor tibial artery, and the lumen of the artery was almost completely obliter- 
ated. The large cavity remainmg after complete removal of the antenor crural muscles 
was packed looselj' with vaselined gauze, and the skin edges were kept from retracting 
by four mattress sutures of heavy silk, tied over bolsters A long leg plaster encase- 
ment was applied 


The postoperative course was satisfactory The temperature was elevated up to 
100® F for two days, and then the patient remained afebrile The wound granulated in 
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rapidly, and there was never any evidence of true osteomyelitis of the tibia or fibula 
Slight drainage continued from the scarred area, however, until 15 August ,1943 (Eig 
I A) On this date the major portion of the scarred area was excised, and the adjacent 
skin edges undermined and approximated Healing was prompt and complete following 
this surgery 

The patient was ambulatory at this time, wearing a sprmg-toe brace to provide 
extension of his foot To enable the patient eventually to discard this brace, the posterior 
tibial tendon was transplanted on to the dorsum of the left foot on lo November 1944 
Three months later, he was able to walk well without his brace The tendon transplant 
functioned quite satisfactorily, permitting about 25° of active motion in the ankle joint 
and enabling the soldier to extend his foot to a right angle (Fig iB) 



Fig I a Fig iB 


Fig I — Case i (A) Lateral view of lower leg, six months following 
excision of all the anterior crural muscles because of acute ischemic necrosis 
(B) Double exposure of same leg to show range of active motion in 
ankle ten weeks following transplantation of the posterior tibial tendon onto 
the dorsum of the foot The depressed scar seen in (A) has been excised 


Case 2 — A 33-year-old male, working m the Army for the American Red Cross, 
sustained compound comminuted fractures of both lower legs on 13 March 1943 He 
was struck by a hit-and-run civilian driver and thrown against the rear bumper of hiS 
own car He was admitted at once to the station hospital of a local Army Air Base 
There was a compound comminuted fracture through the middle third of the right tibia 
and fibula, with only a small puncture wound leading down to the fracture site This 
fracture was treated by closed reduction and application of a long leg encasement On 
the left, there was a severely comminuted fracture through the proximal third of the 
tibia and fibula, with loss of skin over the anterior aspect of the leg from a point two 
inches abo\e the ankle to within four inches of the knee, exposing a portion of the crest 
and anteromedial surface of the tibia 

At the station hospital, the extensive wound of the left leg was debrided, the frac- 
ture of the tibia was reduced, and two of the small comminuted tibial fragments 
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held in alignment with a single loop of stainless steel wire A large pedicle of skin was 
elevated from the lateral side of the leg and swung across the anterior aspect of the leg 
m an attempt to co\er the exposed tibia The entire denuded area was covered with 
vaselined gauze, and a long leg encasement applied 

Oh 22 March 1943, the patient was admitted to this general hospital for further 
care On admission, the patient’s general condition was excellent, and there was no 
elevation of temperature Both long leg encasements were badly blood-stained, and the 
left leg encasement was somewhat softened by drainage and very malodorous 

(In order to make the clinical course more clear, this discussion will be limited to the 
treatment of the left leg It is of interest, however, to note that the fracture of the right 
tibia did not unite, and a bone-grafting operation was performed six months after the 
injury to obtain a solid bony union At the present time there is no disability referable 
to the right leg) 

Soon after admission to the hospital, the encasement on the left leg was bivalved 
and the wound inspected There was found a large granulating wound occupying the 
major portion of the anterior aspect of the lower leg, covered m part by necrotic skin 
The pedicle of skin which had been elevated from the lateral aspect of the leg was 
completely gangrenous There was a moderate amount of purulent drainage The crest 
and anteromedial surface of the tibia was exposed in the distal two-thirds of the bone 
and tlie fracture site, as well as the loop of wire, were also exposed There was a deep 
ulceration over the dorsum of the foot, measuring approximately two inches in diameter 
and covered with necrotic skin There was complete paralj'^sis of all the extensor muscles 
of the foot and ankle The necrotic skin and the wire loop were removed A posterior 
splint was fashioned to permit adequate dressing of the wound and azochloramid 
(N-N'-dichloroazodicarbonamidine) dressings were applied 

Guillotine amputation of the left leg was recommended, but this amputation was not 
considered an emergency procedure since there was no evidence of any detrimental 
>ystemtc effect arising from the well-localized infective process in the leg It was felt 
that amputation might be delayed until the outcome of the fracture of the right lower leg 
appeared more certain Furthermore, it was believed that a delay in amputation might 
permit eventual salvage of a stump below the knee The patient himself was verv 
anxious not to have the left leg amputated 

The wound was treated with daily dressings of azochloramid Since it soon became 
obvious that all of the anterior crural muscles had undergone ischemic necrosis, on 12 
April 1943 all of these muscles were removed, exposing the entire anteromedial and 
lateral aspects of the tibia The patient remained afebrile following this procedure, nor 
did he ever manifest even so much as a degree of fever following any of the subsequent 
operations on the left leg 

By 8 June 1943, the wound was clean and covered with healthy granulation tissue 
The distal two-thirds of the tibia was still exposed , and it was evident that this exposed 
bone could not be salvaged Consequently, this portion of the tibia was removed, leaving 
only the posterior cortex of the bone (Fig 2A) Seventy-five small pinch-grafts were 
applied to the granulating area on the lateral aspect of the leg All of the exposed bone 
was now on a level with the granulation tissue, permitting granulations to grow over 
the bone 

On 9 July 1943, the entire wound, including the exposed tibia, was covered with thin 
scar, and there was no longer any drainage The thin scar was excised and replaced by a 
split-thickness skin graft over an area measuring nine and one-half inches by four inches 
There was a 100 per cent “take” of this skin graft (Fig 2C and D) 

By 3 August 1943, the fracture of the tibia was well united, but further immobiliza- 
tion m a long leg encasement with a walking iron was earned out This encasement was 
replaced by a long leg caliper brace on 8 December 1943 

The lateral edge of the tibia for a distance of about three inches in its middle third 
became exposed, and there was slight drainage from this region On 4 February 1944 
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a portion of this exposed edge of bone was removed, and multiple drill holes were placed 
through this area to permit granulation tissue to grow up and cover the bone By 14 
March 1944, the bone was completely covered with epithelium again, and there was no 
drainage The fracture of the tibia was solidly united, and there was a range of motion 
in the knee of from 180° extension to 90“ flexion On 13 July 1944. a small sequestrum 
was removed from the lower third of the tibia and this small sinus tract promptly healed 




Fig 2 a 


Fig 2B 





Fig 2 — Case 2 (A) Lateral and anteroposterior roentgenograms of the 
left leg three and one-half months after injury The portion of the tibial 
shaft which was not covered by skin or granulation tissue has been removed, 
leaving only the posterior cortex of this bone in the middle and lower thirds 
(B) Lateral and anteroposterior roentgenograms of the left leg two 
years after injury There has been considerable hypertrophy of the segment 
of posterior tibial cortex in the middle and lower thirds, and this portion 
of the bone has been the site of an old chronic osteomyelitis 


The patient was discharged from the hospital on 22 September 1944, wearing a 
short caliper brace on the left leg to guard against fracture (Fig 2C) There was 10° 
of active and passive plantar flexion at the ankle and 10° of passive dorsiflexion, there 
was no active extension of the foot The ankle joint was not painful with walking 

A recent letter from this patient (dated 6 April 1946) states that the left leg has 
never hampered his activities as director of a Veterans’ Information Center He is able to 
valk as much or as far as he wishes, he drives his own car, and he finds dancing a 
pleasant pastime He still wears the short leg caliper brace, but he feels that the brace 
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causes him much less trouble than would an artificial leg He does not wear the brace 
all the time while at home From 21 May to 6 July 1945, a large pedicle flap along the 
medial surface of the calf was elevated and transferred in three stages to replace the 
skin graft over the left tibia This flap healed well and now provides a better covering 
for the tibia 

Case 3 — A 21 -year-old Army sergeant was wounded in action by enemy mortar 
shell fire in Italy on 15 April 1945 He sustained multiple lacerations of the right lower 
extremity and a small "chip” fracture of the anterior aspect of the distal end of the tibia 
His wounds were debnded and a plaster encasement applied in an evacuation hospital 
On 18 April 1945, he was admitted to a general hospital in Italy At this hospital it was 
noted that he was unable to actively extend his foot, and there was hypesthesia over the 
lateral aspect of the foot An attempt was made to close all the wounds by secondary 
suture All of the wounds healed except one on the anterolateral aspect of the middle 
third of the lower leg, and there was considerable purulent drainage from this area 



Fig 2C Fig 2D 

Fig 2 — (C) Front view of both legs one year and six months after 
injury, showing the type of short caliper brace worn to protect the left 
tibia against fracture 

(D) Side view of the left leg one year and six months after injury 
Note the extensive loss of both soft-tissues and bone in the distal two-thirds 
of the leg The large defect has been covered by a split-thickness graft 
One year later, this graft was removed and replaced by a pedicle flap 


On 27 May 1945, this unhealed wound was explored, and the muscle in the depths of 
the wound was found to be necrotic The wound was extended by an incision the length 
of the anterior crural compartment All of the anterior crural muscles were found to be 
necrotic, and all of these muscles were removed The wound was packed open with 
vaselined gauze, and a plaster encasement applied 

On 28 September 1945, the soldier was admitted to this general hospital on the 
neurosurgical service for further treatment of his peroneal palsy On examination, it 
was obvious that no neurosurgery was indicated The peroneal muscles were functioning, 
but all the muscled in the anterior crural compartment were replaced by a depressed scar 
extending almost the entire length of the lower leg (Fig 3A and B) 
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Because of the presence of several small exconations over the lower leg, surgery 
was delayed until 14 November 1945 On this date, the tendons of the tibialis posticus 
and peroneus longus muscles were transplanted on to the dorsum of the foot By 26 
February 1946, the patient was able to use the transplanted tendons quite well and could 
walk without a brace He was discharged from the Army on a certificate of disability 

Discussion — These three cases illustrate the clinical course of an ischemic 
necrosis of the anterior crural muscles In Case r there was no obvious pre- 



Fig 3A Fig 3B 

Fig 3 — Case 3 (A) Side view, and (B) front view, of the right leg, 
six months after injury, showing the depressed scar which remains after 
surgical removal of all the muscles in the anterior crural compartment 
There are multiple smaller scars over the entire leg which are the result of 
superficial lacerations by shrapnel fragments Active extension was restored 
to the foot by transplantation of the posterior tibial and long peroneal 
tendons 


cipitatmg- trauma, and there was no evidence of any peripheral vascular dis- 
ease elsewhere in the patient It cannot be denied that an embolus may have 
caused the rather sudden obliteration of the anterior tibial artery , but this is 
difficult to believe in the absence of clinical evidence of any abnormality in the 
cardiovascular system Unfortunately no microscopic examination was made 
of the anterior tibial vessels themselves, although the gross appearance of 
the vessels at time of operation closely resembled the description given by Horn 
m one of his cases Pathologic examination of tissue removed at the time of 
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operation m all three cases revealed the same picture of necrosis of skeletal 
muscle with fragmentation and dissolution of individual muscle fibers No 
cause for the necrosis \\as apparent from a microscopic examination of the 
muscle tissue removed It appears obvious, of couise, that a traumatic throm- 
bosis of the anterior tibial arter}^ produced the ischemic necrosis found m 
Cases 2 and 3 

In Case 2, the coirect diagnosis soon became obvious because of the 
extensive loss of skin overlying the anterior crural compartment The correct 
diagnosis in the other two cases, howevei, was not made until the anterior 
cruial muscles \vere explored surgically, in Case i this was two months after 
onset of symptoms, and m Case 3 it was one month after injury A more 
prompt recognition of the condition with the institution of measures directed 
tow’ard restoration or improvement of local circulation in the low^er leg might 
prevent, or at least reduce, the extensive gangrene of muscle tissue Lumbar 
sympathetic blocks are valuable m almost any case of arterial spasm If these 
are not successful, surgical exploration of the anterior tibial vessel should 
lie considered, with either peiiarterial sympathectomy or arteriectomy being 
done to improve the collateral circulation Extensive fasciotomy of the 
anterior crural fascia might be assumed to relieve the increased pressure 
wnthin the closed compartment 

If any surgical proceduie is performed on a case of this type, extreme 
cai e must be taken not to introduce any pyogenic organisms, since once such 
organisms have been inoculated into a bed of necrotic muscle (as was done in 
Case i), the infection cannot be controlled until all the necrotic tissue has 
been removed 

After the anterior crural muscles have been damaged irreparably, tendon 
transplantation, as illustrated in Cases i and 3, may restore adequate extension 
to the foot and enable the patient to w'alk without a brace Either the posterior 
tibial muscle alone, or preferably this muscle in combination wnth one of the 
peroneal muscles, may be used Arthrodesis of the ankle joint, or even arthro- 
desis of the subastragalar joint, should not be necessary in a case of this type 


scnvuMABY 

1 Localized ischemic necrosis of the anterior crural muscles is an infre- 
quent complication of injuries to the lower leg 

2 Three cases of localized ischemic necrosis of the anterior tibial muscles 
are presented Two of these were secondary to traumatic occlusion of the 
anterior tibial vessels, but the etiology in the third case could not be 
determined 

3 If this condition is diagnosed promptly, measures may be instituted to 
prevent complete devitalization of all the muscles in the anterior crural 
compartment 
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OBSTRUCTIVE LESIONS OF THE SMALL INTESTINE 
AND SIGMOID DUE TO IRRADIATION 

James G. Spackalan, M.D. 

WiLMiNOTOK, Del 
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The intent of this report is to emphasize to those not closely associated 
with a Department of Radiology, the late clinical picture of obstruction due to 
irradiation * This group of five cases being reported received irradiation for 
carcinoma of the corpus, cervix and ovary, and, who later, showed symptoms 
of obstruction 

The complaints of those patients who develop lesions m the low sigmoid 
and rectosigmoid after irradiation are Abdominal cramp-like pains, associated 
with frequent small liquid stools, mucus and blood Later, when the acute 
phase of hyperemia and mucosal edema is replaced by cicatricial contraction, 
physical signs of low sigmoid obstruction are present 

The terminal ileum is frequently in the low pelvis, and m the area of active 
irradiation Therefore, the symptoms of complete or incomplete low small 
intestinal obstruction often appear earlier than obstruction of the low sigmoid 
It seems important to advance the thought that a patient who has received 
irradiation to the pelvic region and later complains of abdominal pain, change 
in bowel habit, nausea and vomiting, does not necessarily have a recurrence or 
extension of the original disease There may be a stenosing and partially 
obstructing lesion, the late-result of irradiation This may be corrected by the 
proper surgery, with the outlook much more favorable 

Some obstructive lesions of the sigmoid regress, and the normal lumen is 
restored This follows, at times, as the result of a proximal defunctionalizmg 
colostomy If the obstruction regresses, it can be due only to a lessening of the 
infection and the disappearance of the edema, which is caused by the constant 
trauma of the bowel content Scar tissue could not be expected to regress 
The following five case histones are presented and the surgical treatment 
described 


CASE REPORTS 

Case 1 — ^Mrs H , age 63, was admitted to the hospital 3-8-'35 Chief complaint was 
postmenopausal bleeding Tissue section of the diagnostic curettage specimen proved the 
lesion to be adenocarcinoma of the corpus uteri Intra-utenne irradiation for a total of 
3i000 mg h was given Thirty-five days after the completion of the irradiation, an 
abdominal total hysterectomy was performed At this time, an area of 6 cm of the sig- 
moid, found in intimate contact with the posterior wall of the uterus, was thickened and 
edematous Appendices epiploicae in this area were firmly attached to the serosa of the 

* Irradiation under the direction of John F Hynes, M D , Director of Carpenter 
Memorial Clinic, the Memorial Hospital, Wilmington, Delaware. 
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Sigmoid The patient complained within two weeks after irradiation of rectal pain, and 
tenesmus, with the passage of mucus and blood These symptoms improved, but never 
entirely disappeared She was readmitted to the hospital i2-27-’39 This was four and 
one-half years after irradiation The clinical picture was that of large-intestinal obstruc- 
tion The abdomen was markedly distended and asymmetric Persistent vomiting of 
duodenal and high jejunal fluids At operation, under spinal anesthesia, the large intestine 
was found to be dilated and distended to the area in the low sigmoid described above, 
found at the time of operation A distinct mass was palpable A cecostomy was estab- 
lished Cecostomy was closed 1-5-40 She reco\ered, and later developed a recto^aglnal 
fistula This patient, now age 74, is living and well The fistula has closed There is no 
evidence of the primary disease 

Case 2 — Mrs T, age 35, w'as treated for a pathologicallj -proven carcinoma of the 
cervix She received 2,700 r through four fields — two anterior and two posterior The 
areas were alternated, giving 300 r a da^"- to tw'o fields External irradiation was begun 
4-28-'41 On i- 1 2-4 1, she complained of abdominal pain and diarrhea, and was read- 
mitted 6-7-41 On 6-30-’41, she received 3,000 mg h to the cervix On 8-15-41 
which W'as three and one-half months after treatment, she w’as readmitted and had an 
abdominal exploration At this time, she had paroxysmal, cramp-like abdominal pain 
with visible peristalsis 

Operation — 8-17-41 The terminal ileum, from a point 6 cm proximal to the cecum 
was found to be fixed to the right lateral pelvic wall It formed a hard, and indurated 
fixed mass There w'as a 6-cm area of complete necrotic ileum through w'hich some 
leakage had occurred The ileum, for 30 cm proximal to this area, had edematous and 
thickened w'alls A resection of 30 cm of the terminal ileum was undertaken, with an 
end-to-side ileocecostomy A Witzel enterostomy 30 cm proximal to the anastomotic site 
was established The w'ound sloughed, and there was no attempt at healing in the zone of 
irradiation The patient died 11-1-41 This was two and one-half months after oper- 
ation Death was due to hemorrhage from the deep epigastric artery 

Case 3 — Mrs O’B , age 30, had an abdominal exploration in Pennsjlvania previou" 
to her admission to this hospital Exploration, only, was made at that time There w'as 
a large agglutinated mass which filled the entire pelvis Numerous areas in the great 
omentum, which were secondary implants from a primarj' papillary carcinoma of the 
■nary The peritoneal cavity contained 2,000 cc of free fluid, w'hich w'as aspirated 
■kbdominal paracentesis was done, in this same hospital, on four successive occasions An 
aierage of 1,500 cc of fluid was removed each time 

This patient w'as then admitted to the Memorial Hospital, for radiation therapj 
External irradiation was completed 5-i6-’35 There w'as a definite reduction in the 
abdominal mass The ascites had not recurred She had gained eight pounds A second 
cjcle to the right pelvis, of 1,200 r was administered through an anterolateral and 
posterior pelvic field Due to reduction in the size of the abdominal mass, increased 
mobilitj’-, and the absence of recurrent ascites, exploration was decided upon On 5-27-36, 
an abdominal total hysterectomy was performed There was a large cystic mass between 
the leaves of the left broad ligament and also in the prevesical space The pathologic 
diagnosis was papillary cjst adenocarcinoma of the ovary, with metastases On 6-i6-’39 
a firm mass was palpable m the rectovaginal septum Celiotomy was done, under direct 
vision. Radon seeds were implanted. 

The patient was readmitted to the hospital 7-12-41 She complained of abdominal 
fulness, recurring cramp-hke pains, nausea, and vomiting The picture was one of low, 
small intestinal obstruction On operation, 7-i6-’4i, the following findings were noted 

There was complete obstruction at the ileocecal junction The terminal ileum was 
firmlj agglutinated to the posterior parietal peritoneum and to the right lateral bladder 
wall The fixation and angulation produced the obstruction The diameter of the 
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terminal ileum was four times that of normaL The walls were thickened and edematous 
These changes were seen for many feet proximal to the area of obstruction The small 
intestine contained, on decompression, 2,000 cc of fluid A lateral ileocolostomy was 
established after decompression The ileum, 30 cm proximal to the point of obstruction, 
was anastomosed to the transverse colon The patient was discharged S-3-41, and died 

8- 6-44 of a further extension of the original disease, six years and three months after 
the original irradiation 

Case 4 — Mrs S , age 37, was admitted to the hospital 5-2o-’40 The following 
treatment for carcinoma of the cervix was given Deep therapy through four fields, two 
anterior, and two posterior, 3,000 r to each field Radium 4,500 mg h to cervix 

5- 22-40 On 5-28-’4 o, 750 mg h and a like amount 5-2o-’40 

She was readmitted ii-i9-’40 For four weeks she had complained of cramp-hke 
abdominal pain and a mucus diarrhea, with blood at times There was a palpable mass 
in the L L A Q , medial to the inguinal ligament A barium enema showed a persistent 
filling defect in the pelvic sigmoid The lumen was greatly diminished 

Her complaints persisted under bed rest, a low residue diet and warm colonic 
irrigations 

Abdominal exploration on 12-4-40 This was eight months after the completion of 
irradiation There was a sharply defined area of the sigmoid, 12 cm proximal to the 
rectosigmoid junction This area was 8 cm in length, the sigmoid wall at this point was 
thickened and edematous No lumen could be demonstrated The walls of the sigmoid, for 
12 cm proximal to the sharply defined area, were slightly thickened and edematous This 
was due to the distal obstruction A temporary colostomy was established 20 cm above 
the constricted area She was discharged 1-5-41 The abdominal cramp-hke pain and 
diarrhea had entirely disappeared She had gained weight 

She was readmitted 3-4-41 A barium enema showed almost complete restoration of 
the lumen The colostomy was closed A barium enema one month later showed but a 
slight narrowing of the lumen There were no abdominal complaints She was examined 

6- 12-46, there was no evidence of any recurrence of disease 

Case 5 — Mrs H , age 47, was admitted to the hospital, 9-1-44, and treated for 
carcinoma of the cervix She received 4,500 mg h to the cervix She was readmitted, 

9- 15-44, complaining of lower abdominal pain, with diarrhea A tender mass was pal- 
pable m the left vaginal fornix The impression was that of an acute exacerbation of a 
chronic salpingitis due to irradiation She improved under treatment, and was discharged 
Q-21-44 She was readmitted 3-20-45 The complaints at this time were Cramp-hke 
lower abdominal pain, frequent liquid stools, with blood and mucus Weight loss of 13 
pounds m three weeks, and occasional vomiting There was moderate fullness in both 
lower abdominal quadrants 

A barium enema, 4-4-45, showed an obstructive area slightly proximal to the recto- 
sigmoid junction The diameter of the bowel at the point of maximum constriction was 
less than i cm The obstructed area was constant and would not dilate under hydrostatic 
pressure 

Operation — 4-i6-’45 The sigmoid, left colon and a portion of the transverse colon 
showed the effects of distal obstruction The colon was dilated, with edematous walls 
The lumen contained many hard balls of fecal matter About 2 cm proximal to the recto- 
sigmoid junction there was a hard, firm mass m the sigmoid It was 12 cm in longitu- 
dinal extent The liver, uterus and adnexae were normal A temporary, diverting right 
transverse colostomy was established 

Despite daily colonic irrigations from above-down, and from below-up, it was 
impossible to clear the colon The patient complained of severe, recurrent, cramp-hke 
pain in both lower abdominal quadrants Frequent narcotics were required 

A second operation, a left inguinal colostomy, was performed on 5 -t 8-’45 Through 
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a lower left rectus incision, it was possible to have the low sigmoidal lesion under 
direct vision It began at the rectosigmoid junction The walls were edematous, thick- 
ened and rubber like This area extended upward for 4 cm At this point there was a 


A 



B C 

Fig 2 — (A) Case 5 Barium enema seven months after radiation (4-4-45) 
(B) Case 5 Barium enema (7-ici-’45) 

(C) Case 5 Three months later There is still no change (11-12-45) 


hard, firm mass extending proximally for a distance of 8 cm The mass was not intra- 
uminal, but consisted of inflammatory thickening in the bowel wall and the mesentery 
rora the most proximal point of the mass, the epiploic appendices were thickened and 
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red for a distance of 30 cm The sigmoidal mass was firmly agglutinated to the posterior 
parietal peritoneum in the right iliac fossa The posterior surface of the right broad 
ligament was agglutinated to it, afs' were the numerous coils of small intestine by a 
cartilagmous-like induration There was no evidence of lymphatic extension of the 
original pathology (Squamous cell carcinoma of the cervix ) 

With frequent injections of mineral oil and irrigations from the right transverse 
colostomy to the left inguinal colostomy, this portion was finally cleared of hard, firm 
lumps, consisting of dehydrated barium and fecal matter 

Barium enema ten months after radiation, and three months after a temporary divert- 
ing transverse colostomy, and two months after the left inguinal colostomy, showed no 
change m the filling defect 

A barium enema, 7-io-’45, shows a persistence of the filling defect in the sigmoid 

This case shows no change eight months after having put the area at rest 
Resection should be done It has been deferred because of a respiratory infec- 
tion The plan contemplated is to resect the lesion, and, at that time, close the 
left inguinal colostomy Later at another stage, to close the transverse 
colostomy 



Fig 3 — ^ICodachrome of the gangrenous resected ileum 
(30 cm ) 


Case 5 illustrates the inadvisability of forcing barium through an almost 
completely obstructing lesion, any considerable distance beyond the con- 
stricted area In our experience, with both carcinomatous and irradiation- 
obstructing lesions of this degree, preliminary proximal diverting colostomy 
IS indicated 

CONCLUSIONS 

It IS important to be aware of the fact that complaints of recurring, severe 
cramp-like pain occurring a few months or several years later, in patients 
having previously had irradiation therapy for cervix and corpus uteri carci- 
noma, may be due to the late-effects of irradiation These may produce 
incomplete or complete obstruction due to vascular change and fibrosis fol- 
lowing edema 

Abdominal exploration after appropriate study and observation is indi- 
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cated One must not assume that the picture is necessarily one of extension 
of the primary pathology 
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The revival of clinical interest in vagotomy as a surgical procedure 
tor peptic ulcer stimulated this investigation of the anatomy of the esophageal 
vagi Examination of the standard text books of anatomy provided insuffi- 
cient anatomic description of surgical value However, McCrea,^ Hove- 
lacque,^ and MitchelP have published excellent descriptions of the infra- 
aortic portion of the vagi and the innervation of the gastro-esophageal junc- 
tion Their studies showed that the right and left vagi and the esophageal 
plexus formed an extremely complex and varied arrangement of nerve 
structures 

Methods and Material — A total of 32 gross dissections on cadavers were 
carried out after the lungs and heart were removed, and the diaphragm sec- 
tioned through the esophageal hiatus The esophagus and its associated 
vagal nerve structures were carefully examined No attempt was made 
to define the very fine nerve filaments entering the musculature of the esoph- 
agus nor the sympathetic fibers emanating from the sympathetic trunk, the 
splanchnics or the peri-aortic plexus The dissection was started at the point 
of reformation of the right and left trunks from the pulmonary plexus just 
below the bifurcation of the trachea, and continued down through the dia- 
phragmatic hitaus The formation of the complex anterior and posterior 
gastric plexus, and the branches to the coeliac plexus, were not examined 
Diagrammatic drawings were made of each dissection , the sketches, pictured 
in Figures 2, 3, 4 and 5 were not drawn in proportion in any way but were 
intended to enable surgeons to visualize as a whole the complex arrange- 
ments of the pen-esophageal plexus in its variations from one individual to 
another 

Findings — As can be seen from examining the diagrams, the specimens 
all varied in the number of fibers forming the infra-aortic right and left vagal 
trunks, in the arrangement of the pen-esophageal plexus, in the way the 
anterior and posterior vagal trunks were formed and in the number of sepa- 
rate fibers that passed through the esophageal hiatus In general, close exam- 
ination revealed a basic conformity to four well-defined types (Fig i) , 
those in which the right and left vagi communicated through anterior fibers 
(ll cases) , those in which no communicating fibers could be found (i case) . 
those in which communicating fibers were all posterior (6 cases), and the 
last group in which communicating fibers were present both anteriorly and 
posteriorly (14 cases) 

The right and left vagi after reforming from the pulmonary plexus, 
emerged along the lateral borders of the esophagus as a varying number of 
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separate fibers, usually one to four (Table I). These fibers remained lateral 
to the esophagus for a distance of one to two inches, often communicating or 
merging with each other They then followed the course of the esophagus as 
it inclined to the left and became closely adherent to its musculature, arbor- 


Table I 

NiaiBER OF SEPARATE FIBERS PRESENT IN VAGAL TRUNKS 
EMERGING FROM THE PULMONARY PLEXUS 

Number of Fibers 
12 3 4 

Right vagus 12 10 7 3 

Left vagus 9 12 11 0 



Fig I — The diagrams illustrate four different types of anastomosis between the 
right and left vagal trunks in the formation of the pen-esophageal vagal plexus (i) 
Anterior communicating branches only, (2) no communicating branches, (3) posterior 
communicating branches only, and (4) anterior and posterior communicating branches 
(A) right vagal fibers , (B) left vagal fibers , (C) anterior vagal trunk, (D) posterior 
vagal trunk (2 fibers in this case) , (E) anterior communicating vagal fibers, (F) 
Hepatic fiber, (G) posterior short esophageal fiber, (H) anterior esophageal fiber, (I) 
trachea , (K) esophagus , (L) portion of diaphragm showing diaphragmatic hiatus , and 
(M) stomach with peritoneum stripped off to expose gastro-esophageal junction The 
vagal branches lying anterior to the esophagus are shown as solid line, the fibers lying 
posteriorly as double dotted lines The right and left vagal trunks are shown pulled away 
from the lateral walls of the esophagus, to simplify the illustrations 


izmg and sending out communicating fibers to each other as described above 
At about the level of the distal third of the esophagus the anterior and pos- 
terior vagal trunks usually became well-defined, as a rule, the posterior as a 
continuation of the mam fibers of the right vagus and the anterior as a con- 
tinuation of the left vagal fibers The right and left vagal trunks usually 
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were connected with each other by communicating branches, either anterior 
(No i-ii) or posterior (No 13-18) communicators, or both (No 
I9~32) Frequently the anterior communicating branch arose from the right 
trunk while the posterior communicator arose from the left trunk The com- 
municating branches not only served to connect the two vagal trunks but also 
contributed to the formation of an anterior or posterior esophageal plexus or 
plexus gulae Both the right and left vagal trunks supplied short esophageal 
branches which ran transversely and entered the substance of esophagus 
The right and left vagal trunks formed and reformed in their course along- 
side the esophagus, but tended to maintain the approximate number of 
branches they contained after their origin from the pulmonary plexus 
Within two inches of the esophageal hiatus, the vagi lay both anterior and 


Table II 

NUMBER OF SEPARATE VAGAL FIBERS PASSING THROUGH 
THE ESOPHAGEAL HIATUS 

Number of Fibers 
12 3 4 

9 17 6 

20 11 10 

20 10 20 


Table III 

ORIGIN OF HEPATIC FIBERS 


Ansing from anterior vagal trunk 19 

Arising from posterior vagal trunk 3 

Ansing from both vagal trunks 3 

Not found 7 


posterior to the esophagus However, in a few instances, the vagal trunks 
pursued a course parallel to the esophagus without assuming the anterior or 
posterior position until just inside the hiatus 

The total number of vagal fibers passing through the esophageal hiatus 
were not limited, as commonly conceived, to an anterior and posterior branch, 
but frequently came through as three or four branches (Table II) The 
posterior vagal trunk passed through the hiatus as a single fiber in 20 speci- 
mens, as 2 fibers in ii specimens, and as 3 fibers in one specimen The 
anterior vagal trunk came through as one fiber in 20 specimens, as 2 fibers 
in 10 specimens, and as 3 fibers in 2 specimens 

The hepatic nerve or nerves were traced through the layers of the 
lesser omentum to the liver In 19 dissections, the hepatic nerve or nerves 
arose from the anterior vagal trunk, in three cases from the posterior trunk, 
and in three cases from both the anterior and posterior vagal trunks In 
seven cases, the hepatic nerves were not defined (Table III) In six speci- 
mens the hepatic nerve (Nos i, 4, 5, 13, 26 and 27) arose from the anterior 
vagal trunk above the esophageal hiatus and passed through the foramen as 
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a separate fiber Similarly, in twm cases (Nos 7 and 31) the hepatic nerve 
arose from the posterior vagal trunk above the hiatus In one case, (No 7) 
the hepatic nerve was traced as a direct branch of the right vagal trunk In 
this case the posterior vagal trunk appeared to be derived directly from the 
left vagus In another dissection (No 27) the hepatic nerve was a direct 
continuation of the communicator nerve In a number of cases (Nos 5, 8, 
9, 22 and 23) the interesting observation was made of esophageal branches 
which weie traceable intrinsically through the esophageal muscle fibers for 
considerable distance down towards the esophageal hiatus None of these 
could be followed definitely through the hiatus 

From the above description of the pen-esophageal vagi it is apparent that 
vagotomy can be accomplished by an approach through the left chest expos- 
ing the mfra-aortic esophagus^ Thorough vagal section can be obtained 
either by careful search, not only for the vagal trunks, but also for the main 
connector branches By means of pen-esophageal stripping, surgical de- 
nervation can thus be accomplished Similarly, if an approach through the 
upper abdomen is considered necessary, vagotomy can be also effected by 
mobilizing the lower part of the esophagus and clearly exposing the bound- 
aries of the hiatus to reveal all the vagal branches passing through it 

SUMMA.RY 

The mode of origin, pen-esophageal ramifications, and course through the 
esophageal hiatus of the mfra-aortic vagi m 32 cadaver specimens, are de- 
scribed and illustrated by separate diagrams 
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PROLONGED INTERCOSTAL NERVE BLOCK 
IN UPPER ABDOMINAL OPERATIONS 

Stanton Belinkoff, M D * 

New Bedfoed, Mass 

FROM THE DEPARTMENT OF ANESTHESIA LENOX HILL HOSPITAL. NEW TORK N Y 

In A PREVIOUS REPORT^ the use of intercostal nerve block with a long- 
acting anesthetic agent in connection with upper abdominal operations was 
described The results obtained m this small series of 20 cases were favorable, 
and It was decided to continue its use to secure further information and make 
a better evaluation of its usefulness and possible role in postoperative care 
The original thought was that two possible advantages might be obtained, 
the elimination or reduction of postoperative pain and discomfort and a lower 
incidence of postoperative pulmonary complications These are interrelated 
The pulmonary complications usually start with an area of atelectasis at which 
a pneumonic process later supersedes This primary atelectasis is due to 
greatly reduced respiratory excursions produced by a combination of factors 
all dependent upon pain from the abdominal incision and attempts by the 
patient and doctor to alleviate them These factors are splinting of the dia- 
phragm, tight abdominal dressings and binders, reluctance to take deep 
breaths, and to cough up gathering mucous plugs, to morphine and other 
analgesics, and the tendency of the patient to remain in one position 

The problem is not a new one, and several efforts in the past to find the 
proper solution made progress in the right direction Gius^ found that in two 
cases which developed postoperative atelectasis, paravertebral block with 
procaine of the nerves supplying the operative area (in these instances lower 
thoracic and upper lumbar following appendicectomy) eliminated the pain 
from the wound, allowing deep breathing, easy coughing, and freedom of 
movement The offending plugs of mucus and bronchial secretions were dis- 
lodged and expectorated with rapid reexpansion of the involved lung areas 
An attempt was made by Crile'* to produce a local anesthesia of the wound 
by injecting one-sixth to one-half per cent solution of quinine and urea hydro- 
chloride The anesthesia obtained was satisfactory, lasting for several days, 
but the method was discarded because it produced a fibrinous exudate with 
occasional suppuration at the sites of injection 

Another effort along this same principle was made by Capelle,^ who tried 
the continuous administration of a procaine solution into the wound area He 
used several large, thin, curved, hollow needles which were placed like reten- 
tion sutures and served as outlets to irrigate the wound with the anesthetic 
solution when required This method has been discarded for technical reasons 
A few years ago Bartlett^ wrote the classical description of the blocking of 
the lower intercostal nerves to produce upper abdominal anesthesia He 

* Now Anesthetist to St Luke’s Hospital, New Bedford, Mass 
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pointed out that in the midaxillary line they were easily accessible and could 
be reached with great accuracy Bartlett described the use of the block of the 
6th to the nth intercostal nerves as producing anesthesia of the upper abdom- 
inal wall with relaxation of the musculature, and showed how it could be used 
to advantage, when combined with light general anesthesia in operations upon 
the upper abdomen 

Using this technic, and adapting it to this particular problem of postoper- 
ative atelectasis, Starr and Gilman,® m a series of cases, performed inter- 
costal blocks about 24 hours postoperatively, and showed that there was a 
marked increase in pulmonary ventilation The relief of pain allowed the 
patients to move about more readily, coughing was much easier with ability 
to raise sputum enhanced, and there was an increase in vital capacity 

The next step was repoi ted by Zollinger'' who, in a series of 1 5 cases, per- 
formed intercostal blocks with a solution of eucupin m oil to obtain anesthesia 
of several days’ duration From i 5 to 5 cc were injected m each space 
Measurements of vital capacity showed an increase over the readings obtained 
in a control group who did not have the block The resulting anesthesia using 
both unilateral and bilateral blocks was not uniformly good, but he stated the 
method warranted further trial 


METHOD 

The technic used for performing the intercostal block was that described b} 
Bartlett and adapted for use in this respect as already reported Briefly, it is 
as follows After the anesthesia for the operation had been started, the arm 
was raised above the head, thus, exposing the midaxillary line for injection 
The area was sterilized and sterile technic was used throughout the pro- 
cedure One and one-half to two cubic centimeters of solution were deposited 
just under the inside and lower border of ribs 6 through ii In the first few 
cases the injections were made before the anesthetic for the operation was 
started This proved unsatisfactory since the pain incidental to the procedure 
was distressing to the patient In all successive cases the block was done 
after the induction of anesthesia When spinal anesthesia was being used, the 
intercostal block was done after the level of anesthesia had risen to the fourth 
or fifth thoracic segment With a general anesthetic, it was done after induc- 
tion while an assistant maintained the anesthesia In this way the patient was 
spared the ordeal of multiple injections 

At first all cases received a bilateral block, but it was soon realized that if 
the incision were placed one inch or more from the midline a unilateral block 
would be sufficient 


Table I 


Bilateral 

42 

Right 

39 

Left 

19 


The number of each done is shown in Table I The tendency was to do 
only the right side for operations on the biliary system, and the left for gastric 
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surgery Ventral and epigastric herniae received bilateral blocks as did those 
cases with midline or transverse incisions 

There was no attempt at selection of cases Every upper abdominal oper- 
ation, in which the anesthetic was administered personally, also received an 
intercostal block There was no effort to choose those cases which might 
appear more favorable The reverse might be more likely, since it was the 
poorer risks which received personal attention, a staff of nurse anesthetists 
being available for the uncomplicated cases It was thought best to take every 
case that came along m an endeavor to obtain a true picture of the efficacy 
of the procedure 

A variety of anesthetic agents was used in these cases, as is illustrated in 
Table II 


Table IJ 

Spinal 24 

Continuous spinal 17 

Local 1 

Sodium pentothal 3 

Spinal and cjclopropane 1 

Nitrous oxide-oxygen-ether 3 

Cyclopropane oxx gen 7 

Cyclopropane oxygen ether 44 


As a rule the gastric resections were done under continuous spinal anes- 
thesia, the others being fairly evenly distributed If no special indication or 
contraindication existed to influence the choice of anesthetic, the selection was 
left to the surgeon or patient, depending upon who had a marked preference 
for any method 

The operative procedures performed are listed in Table III Practically 
every uppei abdominal procedure is included in this group of cases 


Table III 


Cholccy stectomy 3 7 

Cholecystectomy and appendiectomy 14 

Common duct exploration 4 

Cholecystostomy 2 

Cholccy 'tectomy and hepatoduodenostomy 1 

Gastric resection 9 

Gastro enterostomy 17 

Gastrostomy S 

Gastror'haphy 3 

Closure of gastric fistula 1 

Exploratory for inoperable carcinoma 4 

Epigastric hernia 3 


The time of operation varied, some of the procedures taking less than one 
hour, others up to four hours Most of the cases took betueen i 5 and 2 
hours The sex distribution v as fairly even — 54 males and 46 females 

Most of the patients fell into the older age-group, as seen m Table IV 
This was to be expected since these lesions most commonly occur m such age- 
groups Eighty per cent of the patients were over 40 years of age, and 50 
per cent were over 50 years of age 
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Table IV 


20-29 

5 

30-39 

15 

40-49 

30 

50-59 

29 

60-69 

14 

70 and over 

7 


The agent used in this series of cases was Novest-Oil, which is a solution 
of monocaine base in oil of sweet almonds with the following formula 


Monocaine base 

Benzyl alcohol 

Benzocaine 

Oil of sweet almond 


0 02 Gm 
0 OS Gm 
0 03 Gm 
to 1 0 cc 


This anesthetic m oil is one of those commonly used for the relief of pain 
following rectal operations, and since it appeared to have no deleterious effects 
when injected around the rectum it was selected for use m this procedure 
The patients in this group were not informed of the reason for the inter- 
costal block and many of them did not even know that it had been done No 
mention was made of the fact that they might expect relief from or abatement 
of their postoperative pain The usual orders for postoperative sedation with 
an opiate, either morphine sulphate or pantopon were left, to be given if the 
patient complained of pain No attempt was made to withhold needed sedation 
from the patient 


RESULTS 

It was decided to judge the efficacy of the block by the amount of sedation 
required to eliminate any pain the patient might have during the postoperative 
period Table V shows the tabulation of the number of doses of opiate 
required by the patients 


Table V 


None 42 

1 26 

2 11 

3 S 

4 or more 16 


The block was considered successful if three or less injections were admin- 
istered during the postoperative period, and unsuccessful if four or more were 
administered This has been an arbitrary division but is based on clinical 
observation Often one dose v\as given while the patient was reacting from 
the general anesthetic to contiol his restlessness and excitement In some 
instances opiates were given at bedtime for sleep, the nurses taking advantage 
of the fact that an order had been left to give the patient a good night’s sleep 
Therefore, on the basis of these figures, the intercostal block produced the 
desired analgesia in 84 cases and failed in 16 cases Some of these failures 
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might be due to psychic reasons, since patients who knew they were submitted 
to major surgery expected pain and called for sedation at the slightest 
discomfort Most, however, were probably due to inaccuracy in the technic, 
the anesthetic solution not being deposited m close enough proximity to the 
nerve trunk Technical difficulty was encountered m some patients of marked 
obesity where three-inch needles had to be used to reach the ribs Some 
patients who became markedly distended required sedation for their distention 
rather than for pain at the operative site 

There were seven deaths in this series as follows 

( 1 ) Acute left ventricular failure on the 3rd postoperative day 

(2) Peritonitis and uremia 

(3) Intestinal obstruction followed by atelectasis, pneumonia, eviscera- 
tion, wound infection and pulmonary embolus 

(4) Coronary occlusion on the 15th day 

(5) Pulmonary embolus on the 15th day 

(6) Pulmonary embolus on the loth day 

(7) Carcinomatosis 

None of these can in any way be attributed to the intercostal block 

There were three cases of atelectasis m the 1st postoperative days, which 
cleared spontaneously when the patient was encouraged to cough and pounded 
on the back Tracheal suction was attempted but the catheter rarely entered 
the trachea, the desired result being obtained when the patient coughed from 
stimulation of the pharynx by the catheter In all these cases the block was 
successful when judged by the criterion of absence of postoperative pains, 
none of them requiring sedation However, it was difficult to obtain the coop- 
eration of these patients to cough, due perhaps to a combination of sluggish 
mentality and language difficulty However, persistent personal attention on 
the part of the surgical house staff impressed them with the importance of 
coughing and expectorating plugs of mucus 

There was one case of bronchopneumonia in an extremely uncooperative 
patient who had no pain relief, requiring sedation every four hours for three 
days In one patient who had a successful block but became severely distended 
a pneumonia developed on the 7th postoperative day 

There were four instances of right pleural effusion, all in cases which had 
successful results from the block These absorbed spontaneously, although one 
required thoracentesis on two separate occasions 

Discussion — Since the relief of postoperative pain is the desired result 
and the detrimental features of the postoperative course which are to be 
eliminated all stem from this. It was decided to accept pain relief as the 
cnterion for a successful block It was found that on this basis good results 
were achieved in 84 per cent of the cases There are several reasons for the 
failure in 16 per cent Although the block itself is easy to perform, there are 
SIX nerves to be injected, and failure to anesthetize any one of them renders 
the whole procedure worthless Many of these patients, especially the gall- 
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bladder group, are inclined to obesity, making the block technically difficult. 
In several cases, needles used ordinarily for lumbar puncture -were substituted 
here to reach the desired depth Another technical factor was the small quan- 
tity of fluid deposited at each space Never more than 2 cc was used in one 
place, since there is some danger of abscess formation from the pooling of an 
oily solution in one place in the tissues Intercostal block when done with an 
aqueous solution as procaine for anesthesia rarely fails, for here 5 cc are used 
at each interspace In a few of the cases the incision was probably made too 
near the midline and overlapping innervation from the other side negated the 
analgesia in unilateral blocks 

As is more or less inevitable following surgical procedures and anesthesia, 
some of these patients developed varying degrees of abdominal distention and 
required sedation for relief of the accompanying pain Although in these 
instances the opiates were not given for pain arising from the incision and 
operative procedure, still it is counted as postoperative sedation in the final 
tabulation 

There are several interesting features about the three cases which devel- 
oped postoperative atelectasis They were all women who had had cholecys- 
tectomies performed under cyclopropane-oxygen-ether anesthesia, were all 
from the same v ard, and v ere all operated upon within a space of three weeks 
by different surgeons The anesthetic used and the fact that there were none 
under spinal anesthesia might lead one to conclude that inhalation anesthesia 
might be a predisposing factor This has been shown to be not true in large 
series of controlled cases More likely, is the fact that all these cases were 
from the same ward and in a short space of time and, hence, were due to a lack 
of attention from the nursing staff in regard to emphasizing to the patient the 
importance of coughing up gathering plugs of mucus When there is a training 
school and a rapid turnover of student nurses on a floor a situation like this 
may occasionally develop, especially with a shortage of experienced personnel 
as occurred during the war years This finding again lays stress upon the fact 
that attention to the frequent changing of position and encouragement to 
cough are essential to the prevention of postoperative pulmonary complications 
The four cases which developed pleural effusions deserve further consider- 
ation All were females upon whom cholecystectomy had been performed, 
three under spinal and one under general anesthesia, by two different sur- 
geons In all instances there was only a unilateral intercostal block done on 
the right side which was successful for relief of postoperative pain, and in all 
instances the pleural effusion occurred on this same right side In three of the 
patients the fluid was absorbed without any interference, but in the fourth, 
thoracentesis was done on two occasions to remove a total of 1,100 cc of fluid, 
which was clear and from which no organisms could be cultured 

The etiology of this sterile fluid seems to be some irritant stimulating the 
pleura Probably when the block was being done some of the fluid w^as inad- 
vertently injected into the pleural space with the resultant effusion The 
proximity of the pleura to the intercostal nerve is thus stressed and great care 
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must be taken at each injection to make sure that all is deposited in the tissues 
and none in the pleural space It had been hoped that the agent used would 
not stimulate the pleura or be an irritant, but apparently in some cases it did 
Most likely it was the oily solvent that proved to be the irritating factor 

The incidence of postoperative pulmonary complications in the group of 
cases in winch the block was successful in relieving pain was very low The 
three cases of atelectasis responded nicely to conservative “stir-up” therapy, 
and the one case of pneumonia developed on the 7th postoperative day follow- 
ing a severe abdominal distention at a time when the block could no longer be 
of use This IS undoubtedly much better than would have been obtained in a 
similar group of patients and operative procedures had they not received the 
intercostal block 

The clinical picture presented by these people in their postoperative period 
was very gratifying They were free from pain or suffered only slight discom- 
fort in most instances When requested, they were able to take deep breaths 
or cough without any pain They moved about in bed freely and were com- 
fortable The difference from the average patient who has gone through a 
similar procedure was remarkable 

In several of the cases an opportunity presented to study the patient on two 
different occasions after the same type of upper abdominal procedure, once 
with the block and the other time without it The patients were never told 
that anything special was being done to alleviate their postoperative pain 
W H had a gastric resection done under continuous spinal anesthesia for 
an ulcer He had no pain in the postoperative period and required no sedation 
The intercostal block had worked perfectly On the 14th postoperative day he 
suddenly exhibited the typical picture of peritonitis and was explored No 
pathology was found and he was closed and returned to the ward No block 
was done on this second operation, and the patient required morphine at 
four-hour intervals for 48 hours On the loth day following his second oper- 
ation, as he was about to get out of bed, he died suddenly Postmortem 
examination showed a large pulmonary embolus as the cause of death Sec- 
tions of several of the intercostal nerves were removed and examined histo- 
logically at this time (24 days following injection) and no trace of the oily 
anesthetic agent was found, nor were there any signs of damage to the nerves 
or their fibers 

H H had a gastric resection performed for a penetrating duodenal ulcer 
under continuous spinal anesthesia He required morphine every four hours 
for the first three postoperative days About six weeks following this opera- 
tion a celiotomy was performed for closure of a gastric fistula This time inter- 
costal block was done, and the patient required no sedation postoperatively 
These two cases illustrate the response of the same patient to successive 
operative procedures both with and without an intercostal block and demon- 
strate its efficacy for the relief of pain 

In a third patient, S H , two operations were performed, repair of a ven- 
tral hernia and removal of a common duct stone, both under spinal anesthesia 
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intercostal block being done in both instances and with good results This 
illustrates the fact that the same nerves can be injected twice with good 
results both times 

In none of the cases w^as there found any residual signs from the inter- 
costal block Theie w^ere no permanent eifects upon the nerves and no pares- 
thesias or hypesthesias 


CONCLUSIONS 

The blocking of intercostal nerves 6 through ii with an anesthetic in oil 
will, in the majority of instances, give relief of postoperative pain 

The usual postoperative pulmonary complications expected following these 
procedures have been greatly reduced in number 

There exists a danger of pleural effusion if the oil is inadvertently injected 
into the pleural space 
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In establishing the clinical diagnosis of an hyperactive carotid sinus 
reflex, the syndrome must be reproduced by digital compression of the carotid 
sinus region In order to ascertain that the hypersensitivity of the carotid 
sinus IS really causing the condition, the compression maneuver should fail 
to bring on this reaction after blocking the carotid sinus nerves by an anal- 
gesic solution An accurate technic of blocking the carotid sinus nerves, 
therefore, renders indispensable assistance in confirming the diagnosis as 
well as in casting the prognosis, particularly, when surgical intervention for 
relief is planned In searching through the pertinent literature dealing with 
the therapy of the hypei active carotid sinus reflex, several authors (Weiss,* 
in 1936, and White and Smithwick," in 1941) recommend diagnostic block 
of the carotid sinus nerves No specific description of the technical proce- 
dure has appeared previously, perhaps with exception of a brief account 
given by Rovenstme and Cullen^ (i939) The technic presented here is 
based upon anatomic and radiologic studies, as well as on the clinical appli- 
cation in approximately 50 patients 

the caeotid sinus reflex 

To maintain the normal level of the blood pressure, the vascular tree is 
endowed at various places with nerve endings responding to distention 
When stimulated, particularly by increased blood pressure, a message is sent 
through afferent nerves to the vasomotor area in the brain which relays this 
stimulation to efferent cardiac decelerators as well as to vasodilators This 
restores the normal level of the blood pressure The carotid simis reflev is 
one of the important blood pressure moderators Its implication was fully 
appreciated by Henng* (1927), and Heymans^ (i933) The stfetch re- 
ceptors are located in the adventitia of the carotid sinus, t a , a dilatation of 
the common carotid artery at its bifurcation The majority of the receptors 
are located within the wall of the root of the internal carotid artery (De 
Castro,^ 1928), although they may also extend to the common and external 
carotid arteries The affa ent hmb of the reflex arc is m the mam the carotid 
sinus nerve, a branch of the glossopharyngeal, and to a lesser extent the 
vagus After leaving the petrosal and nodose ganglia the impulse enters the 
brain at the medulla, whereupon it is relayed to the vasomotor area 
ent vagal fibeis effect slowing of the catdtac activity Penpheraf vasodilata- 
tion IS mediated through sympathetic pathways Although the vasodilatory 
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mechanism has not been accurately analyzed, it is assumed that this phe- 
nomenon IS induced by the inhibition of vasoconstrictors and the activation of 
vasodilator nerves (Heymans, Bouckaert and Regmers,^ I 933 ) 

THE ANATOMY OF THE RECEPTOR NERVES 

The interruption of the reflex arc is conveniently performed by blocking 
its affej ent Imih, % e , shortly after its departure from the carotid sinus As 
shown recently by Sheehan, Mulholland and Shafiroff” (1941), the origin 
of these nerves is not simple, for they are interlaced as to form an intricate 
network which has been designated as the carotid sinus nerve complex The 
latter inosculates in a variable fashion with the glossopharyngeal, vagus, 
sympathetic and occasionally the hypoglossal nerves The complex is located 
between and somewhat behind the fork of the carotid bifurcation 

TOPOGRAPHY OP THE CAROTID BIFURCATION 

Since this location repiesents an important deep landmark for blocking 
the carotid sinus nerve complex, a brief account of its relations and variations 
shall be given here The carotid bifurcation, situated within the carotid fossa 
of the anterior triangle of the neck, is encased in the fascial sheath which 
encloses the common carotid artery, including its branches, the internal jugu- 
lar vein and the vagus neive This sheath lests upon the prevertebral mus- 
cles which harbor in their fascia the ceriical sympathetic trunk The superior 
laryngeal nerve is often included in the block, because it travels in close prox- 
imity to the posterior aspect of the carotids on its way to larynx The 
caiotid sinus nerves course within the carotid sheath in front of the prever- 
tebral muscles towards the gates of the basis of the skull The relation of 
the carotid bifurcation to the skeleton is vaiiable In the upiight anatomic 
posture It IS located at the upper border of the thyroid cartilage Because 
this relationship changes, particularly with the neck m extension, it is of but 
little use as a landmaik in the blocking piocedure For practical puiposes, 
more attention is paid to the relation of the carotid sinus to specific points of 
the spine Commonly, the carotid bifurcation is placed in fiont of the an- 
terior tubercle of the tiansveise piocess of the 4th cervical vertebra Ac- 
cording to Schwalbe® (1878), and Binswanger^ (1879), however, this posi- 
tion varies frequently It may be found m front of the transverse process, 
anywheie from the 3rd down to the 5th ceivical vertebra and, it is as a rule, 
somewhat lower on the left side In individuals with a short neck the bifurca- 
tion IS located at a higher level than in those n ith long necks 

TECHNIC OF NERVE BLOCK 

Superficial and deep landmarks of the mandible and cervical vertebra are 
used as guides for diiecting the needle into the intercaiotid space The latter 
is located just above and behind the pulsating carotid sinus The deposition 
of procaine solution into this area mil block the carotid sinus nerve complex 
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PHEPARATION OF THE PATIENT 

Prior to the actual insertion of the needle the following dictums should 
be observed (i) No preoperative medication should be given, for this will 
interfere with the test (2) In order to ascertain the existence of an irritable 
carotid sinus reflex, digital compression on the carotid bifurcation should 
precipitate a specific symptom-complex Positive reactions are noted by 
recording the changes of the blood pressure, quality and rate of the pulse of the 
radial artery, variations of the respiration and state of consciousness 
(3) The patient lies in the supine position on the examining table, with a soft 



Fig I — Skin markings to determine the site of introducing the needle 
Line I corresponding to the triturating line of the teeth Line II, perpen- 
dicular to Line I, runs through the projection of condyle of the mandible 
C M 

(A) IS the point of crossing of Lines I and II 

(B) corresponds to the anterior tubercle of the 6th cervical vertebra 

(I) marks the site of introducing the needle i cm m front of the mid- 
point between A and B 


pillow under the shoulders and a sandbag or aircushion under the external 
occipital protuberance These are arranged so that the head and neck are 
slightly extended in the midline position (4) Plotting the site of injection 
The point of introducing the needle is located on the lateral aspect of the neck 
at the height of the anterior tubercle of the 4th cei'vical vertebia This level 
IS determined by drawing the following lines on the face and neck with a 
skin pencil (Fig i) Line I extends posteriorly, from the angle of the 
mouth across the face on to the neck It corresponds to the triturating sui- 
faces of the teeth (Fig 2A) Line II descends from the level of the pos- 
terior border of the mandibular condyle, forming a right angle with Line I 
at point A (Fig i) Line II when properly placed, lies in the projection of 

146 



Volume 127 
Number 1 


BLOCKING CAROTID SINUS NERVES 


the postenor tubercles of the transverse processes of the 2nd, 3rd, 4th and 
Sth cervical vertebrae; because of the lordosis of the cervical spine Line II 
arrives at the anterior tubercle of the 6th cervical vertebra, te, point B 
(Fig 2 A) The posterior tubercle of the 4th cervical vertebra is located 
midway between points A and B Point A is the point of crossing of Line I 
and Line II , and B corresponds to the anterior tubercle of the 6th cervical 
vertebra (Fig i) The skin projection of the anterior tubercle of the 4th 
cervical vertebra lies one centimeter anterior to the midpoint of A-B. This 



Fig 2 — Tracings from radiographs of the bony landmarks of the neck 

(A) shows Line I coursing along the triturating line of the teeth and the 2nd cer- 
vical vertebra Line II, perpendicular to Line I, passing along the posterior border of 
the condyle of the mandible and the transverse processes of the vertebrae The carotid 
sinus is located in front of the anterior tubercle of the 4 th cervical vertebra (marked 
with a block dot) 

(B) Step I The tip of the needle located on the anterior tubercle of the 4 th cer- 
vical vertebra 

Step 11 The final position of the needle Its tip is located slightly above and behind 
the carotid bifurcation 


marks the site of introduction of the needle (Figs i and 2 A) After the 
superficial landmarks have been accurately determined, the area is prepared 
with the usual surgical antiseptic precautions The head is then turned 
slightly to the opposite side without altering the position of the spine from 
the niidlme An mtradermal analgesic wheal is raised at the site of introduc- 
tion of the needle 

Step 1 A 50-mm by 07-mm Labat-type needle, threaded with a rubber 
depth recorder which is placed 3cm from the tip, is inserted directly perpen- 
dicular to the sagittal plane of the neck The needle should contact the 
anterior tubercle of the 4th cervical vertebra no further than the depth of the 
recorder (Fig 2B) For the purpose of identification the operator should 
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be able to pass in front of the tubercle without meeting bone To accom- 
plish this, the rubber recorder is retracted an additional centimeter from the 
tip of the needle, its shaft is withdrawn for approximately 2 cm , the hub is 
moved slightly posteriory and the needle is reinserted After establishing 
the identity of the anterior tubercle of the 4th cervical vertebra, the needle, 
with the rubber recordei again set 3 cm from the tip, is reinserted to this 
point as 01 iginally described 



Sup Larqncjeal Nerve 


Ext Carotid Ar+erq 
Int Carotid Artzrij 

Int Jugular Vein 


Vaqus Nerve 

CAROTID 
SINUS NERVES 


Fig 3 — Cross-section through the neck at the level of the 3rd cervical vertebra, 
showing the relations of the structures of the neck to the penetrating needle Its tip is 
located at the carotid sinus nerves slightly above and behind the carotid bifurcation 


Step II To reach the carotid sinus nerves, the rubber recorder is again 
withdrawn for i cm The needle is then retracted until its tip lies freely m 
the superficial structures and the hub is moved ten degrees posteriorly and 
caudally Assuming this final position, the needle is inserted to the full depth 
marked by the rubber recorder The tip will then have reached the caro- 
tid sinus nerves posterior to, and slightly above, the carotid bifurcation 
(Fig 2B) On its route the needle penetrates the sternocleidomastoid mus- 
cle and after passing the posterior aspect of the internal jugular vein it 
enters the carotid sheath The transmitted pulsation of the carotid artery 
will then be noted at the hub of the needle (Fig 3) In individuals with a 
short neck, where a higher position of the carotid bifurcation is to be expected, 
the hub of the needle should be depressed for 15 or 20 degrees caudally 
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before the insertion, so that the tip may reach a higher level When the 
needle has attained its proper position, the aspiration test is performed, so as 
to avoid an injection into the circulation Five cubic centimeters of a 2 
per cent solution of procaine is injected slowly Before applying the second 
compression test at least ten minutes should elapse to attain a complete nerve 
block 


COMPLICATIONS 

(i) Hypersensitivity to procaine solution, although rare, is noted by the 
local reaction of the skin to the raising of the mtradermal wheal If present, 
the test must be discontinued (2) Injecting into the blood stream or sub- 
archnoidal space can be avoided by the judicious use of the aspiration test 
(3) The occurrence of local hematomata can be minimized by using sharp 
needles (4) Perforating the pharynx and subsequent development of in- 
fection can be avoided by strict adherence to the principles as herein de- 
scribed (5) A concomitant Horner’s syndrome and hoarseness due to the 
involvement of the cervical sympathetic and vagus nerves are of a transient 
nature 

Except for the occurrence of an Horner’s syndrome and hoarseness in 
approximately 15 pei cent of our series of 50 patients, none of the above 
mention complications have been observed 

SUMMARY 

A technic of blocking the carotid sinus nerves necessary for the diagnosis 
and prognosis of an hyperactive carotid sinus reflex has been described This 
technic is based on anatomic, radiologic and clinical studies 
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PANCREATIC CALCULI 

E. L Eliason, M D., and Robert F Wei/ty, M D 
PHiiAi)Ei,pniA, Pa. 

Though the incidence of pancreatic calculi is still generally considered 
to be quite low, the reports of the last 15—20 years indicate that this condition 
IS much more common than is generally appreciated The ease with which the 
condition can be recognized and the possibilities for relief by present-day 
surgical measures make it quite worth while to bear this disease in mind in 
the differential diagnosis of abdominal complaints 

Most reports on the incidence of pancreatic calculi as found by reviewing 
a series of autopsies indicate the finding of i in 1,500 to 3,000 cases'^ In 
reviewing a senes of abdominal films the incidence was found to be i in 754 
cases The most significant study, however, was made by removing the 
pancreas in 542 cases at autopsy The gland was then subjected to roent- 
genologic examination In those which showed calcification by this method 
dissection was carried out In this way 28 cases were discovered — an inci- 
dence of I in 20 

The progress in recognition of this disease can be traced through three 
phases The earliest cases were discovered quite by chance at autopsy Such 
cases were of necessity rather infrequent since there may be little grossly to 
focus attention on this organ at postmortem examination As abdominal sur- 
gery was more widely undertaken, with the advent of anesthesia and later of 
asepsis, many cases of pancreatic calculi were discovered at operation The 
real progress in the recognition of this disease, however, came with the use of 
the roentgen-ray to demonstrate the calcifications prior to operation The 
earliest case to be reported was one discovered by deGraaf,® in the i66o's, at 
postmortem examination There were scattered reports of this sort until the 
turn of the 20th century At that time abdominal surgery had opened the door 
for the discovery of further cases at the time of operation In 1904, Mayo 
Robson’^® first hypothecated the possible value of the roentgen-ray as a means 
for diagnosis of this disease It was not until 1912, however, that the first case 
was recognized in this manner Few more were so recognized before 1925 
Since then many cases have been reported — ^usually following roentgenologic 
examination of the abdomen Prior to 1925 only 102 cases had been reported, 
but during the next 13 years, as interest was focused on this disease, 102 more 
cases were reported Now, there are well over 200 cases in the literature 
The etiology of this disease is not clear While many have called attention 
to the biliary tract disease which is associated m some cases®^ most patients 
show no such associated involvement The possibility that the pancreatic 
disease may be secondary to biliary tract involvement seems unlikely, there- 
fore The consideration of reflux of bile into the pancreatic ductal system as a 
causative factor also is not widely credited The calculi are made up almost 
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entirely of calcium carbonate and calcium phosphate, there are occasionally 
minor additions of organic matter. These salts are not normal constituents 
of pancreatic juice We must consider, therefore, that the primary factor m 
the development of pancreatic calculi is that of an alteration m the composition 
of the external secretion of the gland This may result from infection from 
any source — ^blood, lymphatic or ductal A secondary factor of stasis also , 
probably plays a role, but simple ligation of the duct in an experimental animal 
does not uniformly produce calculi Attacks of pancreatitis may give rise to 
areas of calcification m the pancreas but are not the source of most calculi 
Pancreatic calculi are totally different from biliary calculi Instead, they 
resemble very closely those seen in the salivary glands and ducts They are 
whitish or grayish-white in color and are very hard, rough and horny m con- 
tour They are rarely faceted even though multiple They may vary in size 
from that of a gram of sand up to 2 5 inches in diameter, and may weigh as 
much as 200 Gm Though solitary calculi have been found, usually there are 
multiple stones, up to several hundred in number Their most common loca- 
tion IS m the head of the pancreas, with decreasing frequency toward the tail, 
though m cases with multiple stones the entire gland may be studded with 
calculi Some observers have distinguished two types of pancreatic lithiasis — 
a diffuse calcification within the gland and calcifications limited to the larger 
ducts only Many of the former actually represent cases with hundreds of 
calculi, most of which will of necessity occupy the smallest ducts and, there- 
fore, appear at first glance to he within the substance of the gland itself 
Though certain small series have given conflicting reports as to sex-mci- 
dence, it is now well-established that the disease predominates in the male m 
the ratio of 3 or 4 to i The disease has been reported at the ages of 14 to 72 
years, but occurs most commonly in the 4th and 5th decades 

An occasional case is asymptomatic and is discovered quite by chance The 
most common symptom, however, is that of pain This pain typically is a 
seveie epigastric colic resembling that seen m obstruction of the cystic duct of 
the gallbladder The pain is usually located more in the midhne, however, and 
often radiates to the left upper quadrant and back and occasionally also to the 
left scapula and shoulder The colic is often severe enough to require opiates 
for relief, although at times the pain is of a duller and more constant nature 
As in biliary colic, nausea and vomiting are frequent accompaniments of pan- 
creatic colic Weight loss is very common and some show frank emaciation 
and cachexia Many are alcoholics This may represent an attempt to obtain 
release from the pain rather than a precipitating factor m the development of 
the calcifications Many also present evidence of tuberculosis , this may, how- 
ever, be secondary to the extensive weight loss As a result of obstruction to 
the pancreatic duct by the calculi which precipitate the attack, pancreatic 
enzymes cannot reach the intestinal tract This interference may lead to 
changes in the stools characterized by frequent, pale, frothy, bulky stools con- 
taining increased amounts of fat Also, there is an increase in the amounts of 
undigested meat fibers in the stools Many have reported making the diag- 
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nosis of pancreatic lithiasis by observing the passage of calculi in the stools 
following an attack of colic The calculi often become impacted in the region 
of the ampulla of V atei This may lead also to obstruction of the common bile 
duct, therefore, jaundice has been seen in many cases of pancreatic colic In 
one series,'^® 28 per cent presented this finding With recurrent attacks of 
obstruction, the pancreas gradually undergoes atrophy and develops degen- 
eration of the parenchyma The first part of the gland to show this change is 
the acinar tissue Only after some time aie the islet cells also destroyed 

Oser"*^ was able to find 24 of 70 cases (34 per cent) of pancreatic calculi 
showing diabetes Other authors have lepoited an incidence of 40 per cent or 
more A transient glycosuria may occur during an attack Many cases show a 
diabetic type of glucose tolerance curve even though they do not spill sugar 
in the urine These alterations m sugar tolerance at first are limited to the 
acute attack, but as damage to the pancreas progresses, and permanent changes 
set m, the diabetic tendency also^ remains constant An improvement m the 
glucose tolerance curve and a disappearance of glycosuria has often followed 
operative intervention for pancreatic calculi Painful diabetes should be a 
warning to search for pancreatic stones In advanced stages of degeneration 
of the pancreas secondary to calculi producing obstruction, fatty changes of the 
liver often develop, apparently the result of loss of hpocaic from the destruc- 
tion of the pancreas Many of these patients present multiple scars on the 
abdomen as evidence of misdirected and unsuccessful operations, the result of 
mistaken diagnoses There is little to find specifically on physical examination 
of these cases Occasionally a mass develops in the upper abdomen during an 
acute attack as a result of obstruction of the pancreatic duct In some the 
pancreas may be outlined as a firm mass, perhaps somewhat tender Fever, 
chills and leukocytosis may or may not accompany an attack The disturbance 
of sugar metabolism has been discussed above Elevation of the serum amylase 
and lipase and urinary diastase during an acute attack has been recorded By 
intubation studies the decrease in the amount of pancreatic secretion and in the 
enzyme content of it has been noted These tests, however, are not very read- 
ily performed The deteimination of increased fecal fat, however, is easily 
carried out 

Aside from the history and the character of the pain, by far the most 
important diagnostic measure available is that of roentgenologic examination 
This should consist of a survey film of the abdomen, including both antero- 
posterior and lateral or oblique views The pancreas lies transversely in the 
region of the first to third lumbar vertebrae, the tail rising much higher than 
the head, up to the loth to 12th dorsal vertebrae The lateral view confirms 
the position of the calcifications in relation to the spinal column Since these 
stones are almost pure calcium they cast a denser shadow than most biliary 
tract stones However, they may also be confused with renal calculi, calcified 
mesenteric lymph nodes and calcified plaques in the splenic vessels or aorta A 
cholecystogram and a urogram or pyelogram should aid in establishing the 
location of the calcifications with relation to the biliary and urinary tracts At 
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times a duodenal tube has been passed to outline the course of the duodenum 
and, therefore, also the position of the pancreas and any calcifications within it 

Many cases of pancreatic calculi have been missed because a barium meal 
has been given before any films were taken The overlying stomach and 
intestinal shadows then obliterate most pancreatic calculi, though some may 
be seen above the lesser curvature of the stomach Fluoroscopic examination 
alone may readily miss these stones, so all gastro-mtestinal series should 
include a preliminary suivey film before giving the baiium meal 

Complications of pancreatic calculi — aside fiom the effects produced by 
interference with enzyme and hormone production — include the development 
of cysts, abscesses, carcinoma and hemoiihage The cysts may vary m size 
with acute attacks The abscesses may present on the abdominal wall or 
rupture spontaneously into surrounding viscera Occasionally a stone has 
eroded into a vessel large enough to give rise to severe or even fatal hemor- 
rhage into the gastro-intestinal tract A small percentage of cases show 
malignant change, but this does not necessarily bear any relation to the pres- 
ence of the calculi 

The first case to be treated surgically was in 1876,^° when a pancreatic 
abscess containing calculi was drained The first successful removal of a pan- 
creatic calculus was by Moynihan,^® in 1902 There were very few cases 
treated surgically prior to 1920 Since then, this problem has been attacked 
with increasing fiequency, and with very encouraging results The lecent 
operative procedures developed for resection of the pancreas for carcinoma 
have added confidence in attacking this organ It is recognized that such cases 
can be done without the development of fat necrosis or fistulae 

The approach to the pancreas may be through the gastrohepatic or gastro- 
colic omentum or through the transverse mesocolon The latter seems less 
desirable, and the integrity of the middle colic vessels must be carefully pre- 
served We feel that a transverse incision gives ideal exposure for easy 
visualization of the entire gland The pancreas may be enlarged, normal in 
size or atrophic, depending on the stage of the disease It is likely to be quite 
firm and rubbery, and has the appearance of an ear of corn (interlobar pan- 
creatitis) The calculi often can be felt, giving a sense of crepitus as they are 
rubbed one against another By dividing the pancreas the duct can be exposed 
This is usually dilated and the stones can be removed through it It may be 
necessary to divide the duct longitudinally in order to obtain adequate 
exposure If the stones are multiple and diffusely scattered throughout the 
pancreas, subtotal resection, beginning at the tail, is the most satisfactory 
procedure One should be able to pass a catheter into the duodenum at the 
conclusion of the dissection Though we have never tried such a procedure, 
the injection of lipiodol through the catheter to outline the ductal system while 
the patient is still on the table might occasionally be of value in confirming the 
patency of the duct or demonstrating other calculi The stones often become 
impacted as the duct passes through the duodenal wall, and it may be of value 
to mobilize the duodenum by dividing the lateral peritoneal reflection and 
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thereby, expose the head of the pancreas better Some have opened the duo- 
denum in order to free a stone trapped at the ampulla of Vater A catheter 
left m the pancreatic duct and cigarette drains in the lesser peritoneal cavity 
provide adequate drainage No permanent fistulae have developed The pan- 
creatic fluid which escapes from the wound is almost entirely nonirntant to 
the skin This is in striking contrast to that from duodenal fistulae and mam 
biliary fistulae in which the pancreatic enzymes have been activated 

The over-all mortality for operative treatment of pancreatic calculi is about 
1 8 per cent, though smaller series have obtained figures of 8 per cent, and less 
The results have been very encouraging and surgery is now the treatment of 
choice for this condition in severe cases In milder cases a diet low in carbo- 
hydrates and high m proteins and fat may decrease the demands on the pan- 
creas to produce secretion and, therefore, diminish the seventy and frequency 
of the attacks Ephedrine sulfate gr ^ during an attack is of value by 
decreasing the amount of pancreatic secretion This drug may also be used in 
conjunction with the diet as a prophylactic measure 

During a lo-year period, from 1936 to 1945 nine cases of pancreatic 
calculi were admitted to the services of the senior author at three hospitals 
All were explored There was one death m this senes, a mortality of ii per 
cent Of the remainder, only one was not definitely improved though some 
continued to have slight residual symptoms A brief summary of these cases 
follows 

CASE KEPORTS 

Case 1 — T McG (25092) A 38-year-old white male was admitted because of 
weight loss, severe epigastric colic, and diarrhea for six years He showed steatorrhea, 
glycosuria and hyperglycemia Roentgenograms revealed many pancreatic calculi These 
were removed His diarrhea disappeared, his insulin requirement dropped from 40 to 15 
units Though he subsequently took raw pancreas for a time he has since found that 
unnecessary, and now is entirely asymptomatic 

Case 2 — M (48644) Admitted because of acute upper abdominal pain Studies 
revealed a pancreatic calculus There was no glycosuria The stone could not be located 
at exploration The duct was not opened, however She had no postoperative pain 

Case 3 — F E (59445) A 49-year-old white man was admitted because of recurrent 
attacks of severe epigastric pain for eight years Roentgenograms showed several pan- 
creatic calculi There was no glycosuria Several stones were removed from the dilated 
duct He has obtained marked relief from operation 

Case 4 — ^E S (59784) A 46-year-old white man was admitted because of epigastric 
discomfort, anorexia and weight loss An epigastric mass was previously drained else- 
where as a pancreatic cyst At operation here, partial pancreatectomy was done, with 
removal of several stones from the head of the pancreas He was well for six weeks and 
then developed recurrence of pain and marked diabetes eventually A more extensive 
pancreatectomy was performed and further stones removed He did not recover from 
the operation 

Case 5 — E S (63362) A 43-year-old white woman was admitted because of 
recurrent attacks of severe upper abdominal pain and weight loss Roentgemgrams 
showed pancreatic calculi Partial pancreatectomy and removal of calculi was done After 
four months the drainage tract was reopened, but subsequently closed again She has 
been much improved She has been much improved 

One year after operation she developed weight loss associated with a diarrhea of 10 
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to 20 movements a day On vitamin therapy and pancreatic extract, the diarrhea was 
controlled , she regained her weight and has an excellent appetite 

Case 6 — E D (63983) A 40-year-old white woman was admitted because of acute 
pancreatitis A survey film showed several pancreatic calculi At operation, several areas 
of frank hemorrhagic necrosis were found and drained The pancreas sloughed-out in 
part Subsequent films showed disappearance of calculi The patient has had no further 
symptoms 

Case 7 — C S , a 65-year-old white man was admitted because of recurrent epigastric 
colic A nonfunctioning gallbladder and several pancreatic calculi were shown roentgeno- 
graphically Cholecystostomy was done and several gallstones removed, also one pan- 
creatic calculus 

Case 8 — Y B (125) A 52-year-old white woman was admitted because of 
abdominal pain, nausea, vomiting and weight loss for several years Roentgenograms 
showed pancreatic calculi, several of which were removed at operation She has con- 
tinued to have pain since then and uses opiates This patient was a morphine addict, with 
several hospital admissions before her diagnosis was finally made 

Case 9 . — J S , a 57-year-old white man was admitted because of acute upper right 
quadrant abdominal pain, subsequently diagnosed acute cholecystitis Celiotomy did not 
relieve him He was later operated upon for intestinal adhesions, without relief On his 
third admission, when his roentgenograms were reviewed, shadows of pancreatic calculi 
were noted At operation, a dozen stones and two-thirds of his pancreas were removed 
A fistula presented when the dram was removed The fluid discharge was clear and did 
not irritate the skin — the usual state of affairs if no bile is mixed with the pancreatic fluid 
Recovered An incidental finding was a gumma of the spleen 

Sixty-six cases from the literature were reviewed, and from these the data 
in Table I were compiled 


Table I 



No 

Percent 

Average age 

43 


Sex 



Male 

44 

67 

Female 

22 

33 

Duration of symptoms (average) 

7 

yrs 

Pam 

55 

83 

Colic 

35 

S3 

Nausea 

32 

49 

Vomiting 

29 

44 

Diarrhea 

15 

23 

Fatty stools 

13 

20 

Jaundice 

10 

15 

Alcoholics 

17 

26 

Weight loss 

33 

50 

Tuberculosis 

5 

8 

Diabetes 

33 

SO 

Carcinoma 

3 

5 

Solitary calculus 

6 

9 

Gallstones 

7 

10 

Preoperative roentgenographic diagnosis 

34 

52 

Shadows seen above lesser curvature of stomach 

7 

10 


STOUIART 

(1) Pancreatic calculi occur much more commonly than is generally 
appreciated 

(2) They can readily be recognized by roentgenologic examination 

(3) Surgical relief can be obtained, and this is the procedure of choice in 
severe cases 
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Cystadenoma of the pancreas is an uncommon lesion In a review of 
6,708 autopsies at Guy’s Hospital, in 1897, White found only three cases of 
pancreatic cyst, none of which was cystadenoma Fitz, reporting a case, in 
1900, commented upon the uncommonness of the lesion From most reports 
since, its infrequency can be inferred, and Slattery, Boyd, Neef, Rabinovitch 
and Pines, and Brunschwig make specific reference to the rarity of the lesion 
The actual frequency of occurrence of pancreatic cystadenoma is difficult 
to estimate because cases are buried in the literature in general discussions of 
diseases of, or surgery of, the pancreas, and many cases of multilocular cyst of 
the pancreas of other varieties are undoubtedly falsely included as cystade- 
noma through inadequate pathologic study, misinterpretation, or unsatisfactory 
material Mahorner and Mattson point this out stating that multilocular cysts 
are not necessarily cystadenomata, and that the meager descriptions so often 
found m the literature make it difficult to accept many cases as such Hence, 
we get varying reports of the incidence of the lesion Thus, Gruber quotes 
Yamane as having collected 37 cases up to 1921, while Hueper, in a report of 
one case, in 1928, states that only 24 cases had been recorded in the literature 
up to that time Subsequent to 1928, only individual cases and small series 
are found in the literature One case was reported by Maes in 1931, two 
cases by Janes, one by Carter and Slattery, and one by Pettmari in 1936, one 
by Neef in 1939, five by Bowers, Lord and McSwain (of which one was 
unproved), and two by Rabinovitch and Pines in 1942, and one by Beloff in 
1945 In 1942, Brunschwig reported four cases from the University of 
Chicago Clinics and estimated that there were about 50 cases to that date 
Another approach to the frequency of occurrence of cystadenoma of the 
pancreas is through the incidence of the lesion in studies of large series of 
autopsies, operative cases, or hospital admissions Here, again, a wide variance 
is found Priesel, in 1922, reported that he had found nine cases in a review 
of 9,000 autopsies Adams and Nishijima, in 1946, reported that the diagnosis 
of pancreatic cyst had been made at the Lahey Clinic only nine times from 
1926 to 1945, and none of these were cases of cystadenoma In 1921, Judd 
reported 41 cases of pancreatic cysts of all varieties gleaned from the recotds 
of the Mayo Clinic up to that date The incidence of cystadenoma, or of the 
various other types of pancreatic cyst, is not given as it was impossible 
because of the degree of tissue destruction in many cases to tell whether they 
w ere dealing with a true or pseudocyst, or if a true cyst, what its exact nature 
was In 1931, Judd, in conjunction with Mattson and Mahorner, published a 
second report on 47 cases of pancreatic cyst operated upon in the interval, the 
total of 88 cases having been obtained from 723,397 patients seen at the Mayo 
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Clinic in the corresponding period No figures are given m this paper 
for the frequency of occurrence of the various types of pancreatic cyst but in 
another paper, later in the same year, Mattson and Mahorner state that two 
cases of cystadenoma were found in io8 cases of pancreatic cyst, which 
included these 88 and 20 others found at neciopsy Walters and Cleveland, 
in a report in 1939, state that 22 patients with panel eatic cyst were operated 
upon at the Clinic between 1935 and 1939 Thigpen, who analyzed the data on 
pancreatic cyst for a University of Minnesota Graduate School Thesis, is then 
quoted to the eftect that from 1908 to 1939, 139 patients with pancreatic cyst 
vere treated surgically at the Clinic, or one for eveiy 8,000 patients registered 
Of 55 of the 139 cases in which adequate tissue was available for study, 
seven were c)’'stadenomata In a later article, in 1945, Walters and Clagett 
repeat the previously-stated incidence of pancreatic cyst as one m 8,000 
patients registered, with t\\o cystadenomata in 88 cases of pancreatic cyst 
While this probably does not exhaust the literature, it is sufficient to indicate 
the impossibility of arriving at any definite knowledge of the actual incidence 
or total number of cases repoited However, the uncommonness of the 
lesion is indicated with sufficient unanimity to warrant both the report of 
an additional case and a discussion of the special features characterizing 
cystadenoma of the pancreas 

All authors seem to agree that cystadenomata of the pancreas are tiue 
proliferative tumors Robson and Moymhan classify pancreatic cysts as 
retention cysts, proliferative cysts, congenital cystic disease, hydatid cysts 
and pseudocysts Proliferative cysts include cystadenomata and cystic epithe- 
homata Boyd’s classification omits hydatid and hemorrhagic cysts, but is 
otherwise essentially the same McWhorter (after Oser) develops a detailed 
classification on the same fundamental structure, including cystadenomata 
among the cystic neoplasms or proliferative cysts Brunschwig omits cysta- 
denoma and cystadenocarcinoma from his classification of pancreatic cysts, 
preferring to consider them in a separate category of true neoplasms Other 
minor variations are found consisting essentially of the addition of individual 
pathologic types, such as dermoid cyst by Judd, inclusion cyst by Rabinovitch 
and Pines, cyst with carcinomatous degeneration by Kennard, and cystic 
hemangio-endothehoma, cystadenocarcinoma of the islets of Langerhans, cav- 
ernous hemangioma, sebaceous cyst, and cyst of an accessory pancreas, by 
Walters and Cleveland The basic classification, however, remains unchanged, 
with the general acceptance of cystadenoma as a true tumor or new growth 
similar to corresponding tumors of the ovary A representative classification 
that is both inclusive, and simple, is that of Walters and Clagett On an 
etiologic basis they classify pancreatic cysts as 

I Cysts resulting from defective development 

(a) Cysts among infants 

(b) Cysts associated with polycystic disease of the kidne\ 

(c) Dermoid cysts 

(d) Inclusion cysts 
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2 Cysts resulting from trauma (pseudocysts) 

3 Retention cysts 

4 Neoplastic cysts 

(a) Cystadenoma 

(b) Cystadenocarcinoma 

(c) Teratomatous cysts 

5 Cysts resulting from parasites 

While it IS agreed that the tumors are true neoplasms arising from a 
disturbance m ontogeny, the exact locus of the disturbance remains obscure 
Priesel believes that the tumors arise by the proliferation of the cylindrical 
epithelium of the pancreatic ducts, such proliferation going on to the formation 
of cystadenomata, or even adenocarcinoma He adds that most authors 
believe that cystadenomata of the pancreas aie due to aberrant pancreatic 
tissue which has become isolated Lazarus describes many stages in develop- 
ment from simple dilated ducts Archibald describes them as true tumors 
arising from parenchymal cells by proliferation Rabinovitch and Pines also 
refer to cystadenomata as true pancreatic tumors arising from the parenchyma 
Judd states that they form as do the cystadenomata of the thyroid or ovary, 
they are papillary ingrowths or adenomatous cysts Gruber raises the question 
of duct proliferation on an inflammatory basis but it is generally agreed that 
this IS not the case with cystadenomata It is also suggested that the tumors 
originate from primordial cells displaced in early embryonic life, but opinions 
vary as to which embryonic tissue is involved Displaced cells of the primitive 
urogenital fold having their origin from the segmentation cells of fetal life (the 
strayed genital cell theory), remnants of the mesonephros^ and abnormal 
budding-otf from the primitive gut hai'e all been proposed as the original 
source Carter and Slattery discuss the various embryonic sources hypothe- 
cated, and conclude that the type of tumor with cells closely resembling pan- 
creatic tissue probably originates from displaced alimentary canal primordia 
while cystadenomata with no resemblance to pancreatic tissue probably 
arise from strayed genital cells of the urogenital fold or from remnants of the 
mesonephros 

Grossly, the cysts vary in size and external and internal appearance 
Ordinarily, cystadenomata do not reach the large size frequently encountered 
in other types of pancreatic cyst, although quite large ones have been reported 
Fitz’ case, for instance, was the size of a squash, Pringle’s the size of a foot- 
ball, Belofif’s the size of a grapefruit, Kennard’s 15 cm , Dragstedt’s (included 
by Brunschwig) 15 cm , and two of Bowers’ cases were 15 and 18 cm , 
respectively, in their longest diameters Characteristically, cystadenomata are 
rounded tumor masses with coarsely lobulated surfaces, although the larger 
ones are occasionally smooth-walled Brunschwig speaks of their resemblance 
to a dense cluster of grapes Encapsulation may be complete, although, as in 
our case, the cyst may be demarcated from the surrounding tissue without 
definite encapsulation On section, they are almost always multilocular The 
locules, or cyst spaces, are usually quite numerous, and may have a honeycomb 
appearance They Yaxy greatly in size, from less than a centimeter to as much 
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as 8 cm , but are inclined to be small. The contents of the cysts vary from 
thin, clear, tuibid, oi hemorihagic fluid to viscid, mucoid or gelatinous mate- 
rial The fibious stroma between the locules may be scarce or abundant 
Bioad bands of hyalnnzed connective tissue, lesembling the coipora albicans 
of the ovaiy, may be present, and in our case there was a cential mass of 
fibrous tissue m which calcium had been deposited 

Micioscopically, the cysts aie lined, chaiacteiistically, by a single layer of 
epithelium The cells may be C3dmdiical, like those of the pancieatic ducts, 
but more fiequently aie cuboidal oi flattened The flattening may even be 
more extreme so that the cells lesemble endothelial cells to a degree that may 
lead to some doubt as to i\hethei the tumor may not be a lymphangioma or 
hemangioma Bloodgood, describing the histology in Finney’s case, states that 
MacCallum, who also examined the slides, thought the tumoi to be a lymph- 
angioma, and one pathologist, leviewing the slides of the case reported here, 
W'as struck by the resemblance of the micioscopic picture to that of 
hemangioma 

The cytoplasm of the cells is clear, the nuclei basal The epithelial lining 
may be tin own into papillaiy piojections oi may dip dowm into the wall of 
the cyst in the form of a gland In almost all cases, how’-ever, the single 
epithelial layer is maintained, although the heaped-up epithelium m the pap- 
illary folds may seem to show^ seveial layeis The presence of several layers 
may, according to Giubei, be an indication of malignancy How^ever, in 
Neefs case, about 3 pei cent of the cyst cavities showed an epithelial lining 
2 to 5 cells deep In many cases the aiiangement is similai to that of cysta- 
denoma of the ovary, or even of the breast, and Bloodgood remaiked on the 
resemblance of Finney’s case to a bieast cystadenoma The stioma between 
the cyst w^alls is of vaiiable thickness and may consist of a thin layer of 
loose bands of connective tissue 01 of broad, dense, hyalnnzed connective 
tissue septa which in our case contained bony spicules The surrounding 
unmvolved pancieatic tissue is usually normal In Pettinan’s case there was 
an associated acute pancieatitis for wdnch opeiation w'as performed, but 
Pettmari felt that there was no casual relationship 

It IS important to point out that the differentiation between cystadenoma 
and other varieties of multilocular cyst of the pancreas (retention cyst) can- 
not always be easily made and sometimes may be impossible to make Brun- 
schwig emphasizes this point and other authors make it by inference Usually, 
the cyst spaces in cystadenoma are multitudinous and small, with or without 
a few large ones, while those of multilocular cysts are relatively few and 
larger Also, the cysts as a whole are usually larger than cystadenomata The 
epithelial lining may be similar in both but its absence in large locules favors 
the diagnosis of multilocular cyst 

Malignant forms are much more rare than the benign ones In distinction 
to papillary cystadenoma of the ovary, Kennard feels that malignant prolifer- 
ation of a benign cystadenoma of the pancreas is rare However, malignant 
change does occur, and Lichtenstein states that he feels justified m assuming 
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that his case of papillary cystadenocarcinoma started as a benign cystadenoma 
as the patient was known to have had the mass for six years and during that 
period was free of both symptoms and anemia, m addition to which, micros- 
copy after its removal showed portions of the tumor with the structure of 
benign cystadenoma without any evidence of cellular atypism Maes’ case of 
benign cystadenoma showed occasional areas in which an infiltrative tendency 
was apparent, and one of Brunschwig’s cases, in which the microscopy showed 
a benign cystadenoma, grossly infiltrated the duodenum requiring pancreatico- 
duodenectomy Fitz called his tumor a multilocular cystadenoma but thought 
It was on the borderline between proliferative cystoma or cystadenoma, and 
cystomatous carcinoma Carter and Slattery express the opinion that cys- 
tadenoma may give rise to cystadeno-carcinoma and that the pathology in some 
cases may be borderline 

The most common site of pancreatic c^^stadenoma, accoiding to Heibeig, 
Robson and Cammidge, and Walters and Cleveland, is m the tail Conversely, 
Lazarus states that the rarest site is the head of the pancreas Again, it is 
difficult to compile accurate figures, but in the available hteiature only a few 
cystadenomata of the head are found while the remainder, comprising the vast 
majority of the tumors, seem to be about equally divided between the body 
and tail 

In growing, the cysts usually piesent between the stomach above and the 
colon below, covered anteriorly by the gastrocolic omentum Occasionally, 
they present above the stomach in which case the anterior covering is the 
gastrohepatic omentum Rarely, the direction of growth is between the layers 
of the transverse mesocolon with the cysts presenting behind or below the 
colon, or, they may extend upward or downward letropeiitoneally 

Cystadenoma of the pancreas is much more common m females than in 
males The symptomatology is that which one vould expect of a slowly 
expanding lesion arising from the pancreas and is of com se the same as that 
of any variety of pancreatic cyst Pam is the most common subjective symp- 
tom The location of the pain will vary with the location of the cyst and the 
structures upon which it impinges Obviously, a cyst may be “silent” for a 
considerable period When pain is experienced it may occur in any quadrant 
of the abdomen although usually it is m the upper abdomen and most often 
m the left upper quadrant Occasionally it is ref eri ed to the back The quality 
of the pain varies from a sense of fullness or a dull ache to severe relatively 
steady pain or sharp abdominal cramps Radiating abdominal pains from 
pressure upon the celiac ganglion have also been described Other symptoms 
result from pressure upon the neighboring organs, especially the stomach, and 
include anorexia and epigastric discomfort after meals, or nausea, vomiting, 
belching, gaseous distention, and constipation Frequently these may be the 
only symptoms Slight jaundice was encountered only once, m one of Janes’ 
cases, the rarity being due to the rareness of the location of cystadenomata in 
the head of the pancreas Weakness and weight loss are occasionally seen due 
to interference with nutrition, or uncommonly, to malignant degeneiation 
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The only significant physical finding is a palpable mass which in those of 
large size the patient may have noted himself The mass is usually in the 
upper abdomen, in most instances to the left of the midlme In the large 
cysts It IS likely to be tense and smooth, possibly cystic to palpation The 
smallei ones usually cannot be palpated with sufficient definition to determine 
their characteristics When arising fiom the body of the pancreas the mass 
IS usually immobile If the site of origin is the tail it may be freely movable, 
and occasionally, as m the case reported here, there may be considerable 
mobility when it arises fiom the head Fluctuation can occasionally be demon- 
strated in the larger tumois Laboratoiy data is of little assistance unless the 
external secretion of the pancreas is interfered with, in which case there 
will be an increase in fat, starch, and muscle fibeis in the stools 

Roentgenograms are frequently of great assistance in diagnosis The pres- 
ence of a compression defect in the stomach, duodenum or transverse colon, 
an enlarged duodenal loop, oi the displacement of the visceia, offers additional 
presumptive evidence when added to the other diagnostic data The deposition 
of calcium m the cyst vail may, in raie instances, make it visible in the 
roentgenogram Pneumoperitoneum and intravenous pyelography offer fur- 
ther aid 

Pancreatic cyst must be diff ei entiated from mesenteric cyst, which usually 
has greater mobility particularly in a transverse direction and is generally 
prominent in the region of the umbilicus, fiom omental cyst which is usually 
very mobile and situated lower in the abdomen, and from ovarian cyst, hydatid 
cyst of the liver, fluid tumors of the kidney, giant hydrops of the gallbladder, 
retroperitoneal cysts, cysts of the posterior gastric wall or spleen, aneurysm 
of the abdominal aorta, and abscess of the pancreas The differentiation of 
cystadenoma of the pancreas from other types of pancreatic cyst cannot usually 
be made clinically, and frequently the diagnosis of pancreatic cyst itself can 
only be made through surgical exploration 

Treatment, wherever possible should consist of surgical extirpation This 
cannot always be effected because of the intimate relation of the cyst to im- 
portant surrounding structures which would make their injury inevitable 
The portal vein, common bile duct, splenic vessels, and superior mesenteric 
vessels may be intimately adherent to the cyst rendering its removal unduly 
hazardous Serious hemorrhage may also be encountered, and Whipple states 
that one should be certain before attempting removal that it can be accom- 
plished as otherwise serious damage may result Nevertheless, with modern 
advances in surgery the operability has been considerably broadened An 
excellent operative review is given by Brunschwig Whenever feasible, he 
advocates incision through pancreatic tissue just beyond the gross limits of 
the bulging tumor surface with an effort to establish a cleavage plane The 
tumor may then come away almost as though by enucleation In Carter and 
Slattery’s case the junction of the cyst to the surrounding pancreas was so 
dense that a cleavage plane could not be established and the cyst was removed 
by subcapsular dissection Large cystadenomata of the midportion of the body 
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of the gland replacing all or most of the thickness of the pancreas should be 
excised by transection and ligation of the body of the gland to the right of the 
tumor which is removed together with the uninvolved pancreas distal to it 
There should be no hesitancy about performing splenectomy where necessary 
Nothing IS accomplished by leaving a small uninvolved portion of the tail, 
as carbohydrate metabolism can be adequately maintained when only the head 
remains Cystadenomata of the head should be excised leaving as much of 
the neck and body as possible Even when deeply embedded, excision through 
normal parenchyma should be attempted Injuries to the common bile duct 
and mam pancreatic duct can be repaired if they occur Rarely, partial resec- 
tion of the duodenum may be necessary and radical pancreaticoduodenectomy 
can be considered as a final recourse 

Marsupialization, a common method of surgical treatment in other varieties 
of pancreatic cyst, is not a method of choice in the characteristic cystadenoma 
because of the numerous noncommunicating small cysts which would render 
treatment by this method inefficacious In the occasional case it may be 
applicable, but even m these it has not been entirely satisfactory because of the 
persistence of external drainage for prolonged periods and occasional addi- 
tional complications, such as infection of the sinus and cyst, foimation of a 
secondary abscess, and excoriation of the skin by the drainage Methods to 
eradicate the fistula and the lining of the cyst have, on the whole, been 
unsuccessful 

Internal drainage, by anastomosing the cyst to the stomach, duodenum, 
jejunum, or gallbladder eliminates the objection of fistula formation, but is 
subject to the same inapplicability as marsupialization in the average case of 
cystadenoma Adams and Nishijima recommend cystojejunojej unostomy 
which they pei formed with satisfactory results in two cases of pancreatic cyst, 
but both the external and internal drainage methods are clearly more suitable 
for types of pancreatic cyst other than cystadenoma, not only because of the 
common multilocular architecture of the latter which would render drainage 
methods ineffectual but also because of the occasional malignant alteration 
which occurs Accordingly, every effort should be made to extirpate cysta- 
denomata completely Irradiation, as far as is known, is without benefit 

The prognosis with complete extirpation should be good Without sur- 
gery, growth may be so slow that no symptoms may develop for many years 
However, with more rapid growth, symptoms of marked mechanical disturb- 
ance may occur, and the possibility of local infiltration into neighboring 
organs and of malignant change must be kept in mind 

Case Report — No 66173, Doctors Hospital Mrs I B, age 31, a private patient 
of Doctor Samuels, was admitted January 16, 1946, for surgical exploration She had 
been studied thoroughly prior to admission About one year previously she had had 
occasional lower abdominal cramps which lasted for short intervals for about two 
weeks and then subsided In November, I945, she again developed occasional lower 
abdominal cramps which became more persistent and more severe They usually occurred 
after the evening meal, but also sometimes during the day, starting in the midepigastrium 
as dull cramps and radiatmg across the lower abdomen, usually most marked m the left 
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lower quadrant There was no relation of these pains to bowel movements, which were 
regular and without bleeding Sometimes they were accompanied or followed by slight 
nausea, but there was no vomiting Relief was usually obtained by lying down or hot 
drinks Moderate relief was also afforded by antispasmodic and sedative medication 
The appetite was excellent, the digestion good and there were no night symptoms, 
specific periodicity or relief by food The cramps were also unrelated to menses or 
urination Fifteen pounds in about two months were lost on a reducing diet, but on 
discontinuation of tlic diet scNeral pounds were readily regained Some fatigue was 
also present for the same period but this was blamed upon worry, and the care 
required by her two }Oung children Her sleep was undisturbed but inadequate The 
remaining history was noncontributory 

Physical Examination — This revealed a well-developed and well-nourished young 
female, appearing in good health In the midepigastnum a slightly tender, slightly irreg- 
ular, firm mass, about the size of a tangerine, was palpable The mass was intra- 
abdominal, and freelj movable, particularly from side-to-side It moved with respiration, 
and could be made to disappear under either costal margin The aortic pulsations were 
transmitted through it The physical examination was otherwise negative except for a 
small fibroid in the right horn of the uterus and some scarring of the left parametrium 

Laboiafoiy Data — The blood count and sedimentation time were normal, the urine, 
stool and blood Kahn negative The Rehfuss test meal showed an anacidity, but there was 
a positue response to histamine — excluding a true achlorhydria The electrocardiogram 
showed low ^oltage in Lead I and late inversion of the T-wave in Lead IV, the 
observ^ed changes being considered of no significance Fluoroscopy of the stomach and 
duodenum showed a J-shaped, ptosed stomach completely visualized just to the left of 
the midline The mass was felt to be to the right of and above the duodenal bulb but 
the duodenal bulb filled completely and the stomach showed normal peristalsis and 
antrum formation There were no signs of pressure upon the antrum or duodenum 
Barium enema showed a normal colon and terminal ileum A plain film of the abdomen 
showed both kidneys of normal size, shape, and position, and no evidence of biliary 
or urinary calculi 

Because of the marked mobility, and the absence of significant roentgenologic 
findings, mesenteric or omental tumor, or pedunculated extrinsic lesion of the stomach 
were the diagnoses that were entertained 

Operation — The patient was explored, January 17, 1946, through a right epigastric 
paramedian muscle-splitting incision (Doctor Jemerin) The mass was seen to occupy 
the head of the pancreas within the curve of the duodenum, the free mobility noted on 
examination being due to an unusually movable duodenum and pancreas The mobility 
was so great that the duodenum could not only be reflected far medially leaving the mass 
to the right of it, but both duodenum and pancreatic mass could almost be delivered 
into the mouth of the wound Both the paraduodenal peritoneum and the gastrohepatic 
omentum were incised, completely mobilizing the duodenum and exposing the head 
of the pancreas The mass was then seen to occupy almost the entire head of the 
pancreas, only a thin nm of pancreatic tissue being identifiable as such on its posterior 
aspect There was no definite capsule although the mass seemed circumscribed The 
common bile duct, portal vein, and hepatic artery, which were identified in the free edge 
of the lesser omentum seemed to disappear into the posterior surface of the mass It did 
not seem at first as though the mass were resectable without injury to the common duct, 
portal vein or hepatic artery and a radical resection of the head of the pancreas and 
duodenum was considered However, it was decided first to make an effort to dissect the 
mass free, because of the high mortality and morbidity associated with radical pancreatico- 
duodenal resection Accordingly, the common bile duct was again approached and freed 
up to the point where it seemed to disappear into the mass Dissection revealed it to be 
flattened-out and closely applied to the posterior surface of the mass, or rather shell of 
pancreas, bound to it by areolar and fibrous tissue, and with further dissection its 
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separation was effected and its entrance into the duodenum seen In similar fashion, the 
portal vein and hepatic artery were liberated from the tumor With these out of the 
way, the tumor itself could be safely attacked While there was no definite capsule, a 
zone of demarcation from the shell of the pancreas could be identified, and this was 
developed by sharp dissection until removal of the entire tumor was effected The struc- 
tures of the hepatic trinity were seen to be uninjured upon completion of the resection 
Some oozing was encountered from the bared surface of shell of pancreas and this was 
controlled by a running catgut suture Drainage was established down to the head of 
the pancreas through a stab counter incision in the right flank The wound was closed 
in layers 



liiffllllllllHniliiiini.iilii.i 

Fig I — Gross specimen 

The postoperative course was entirely uneventful Shortening of the dram was 
begun on the 3rd postoperative day and complete removal was effected by the Sth day 
The patient was dicharged from the hospital in excellent condition on the Sth dai 
after operation 

The patient has been followed to date She has no complaints, and her general 
condition is excellent Physical examination shows a well-healed, soft, pliable scar The 
abdomen is soft and nontender, and there are no masses palpable Fluoroscopy shows the 
duodenum to have returned to its normal position to the right of the midline 

Pathologic Report — The tumor, in the gross (Fig i), was a firm, globular, nodular 
mass, about 10 cm in diameter, the nodular surface being due to numerous small cysts 
presenting externally On cut-section (Fig 2) multiple small cysts separated by a 
dense stroma of variable width were seen The cysts averaged between o 25 and i o cm 
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Fig 2 — Gross specimen, cut-section 



Fig 3 — Photomicrograph (x4) 
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in Size and were most numerous toward the periphery where a honeycomb appearance 
was suggested The stroma increased irregularly toward the center of the growth, form- 
ing there a large solid central mass containing calcific deposits The surface cysts were 
thin-walled and translucent, the deeper ones were embedded in increasing amounts of 
supporting tissue Some contained gelatinous material, others bloody fluid 

Microscopically (Figs 3 and 4), the mam portion of the mass consisted of large 
channels (cysts) containing amorphous material or well-formed blood cells and some 
hemosidenn-beanng phagocjtes The cysts were lined by a single layer of epithelial cells 



Fig 4 — Photomicrograph (x2o) 

which ranged from cuboidal to flat The latter resembled endothelial cells to such a 
degree that, just as did MacCallum in Finney’s case, one pathologist reviewing these 
slides was highly impressed by the similarity of the histologic picture to that of an 
endothelial tumor The separating stroma consisted of dense hyaline connective tissue 
septa of varying width and rather cellular character Small nests of hemosidenn-beanng 
cells were found within the connective tissue septa The calcified area consisted of 
very dense hyaline tissue wuth fine bony spicules At one periphery a small portion of 
pancreatic tissue was seen Pathologic Diagnosis Cystadenoma of the pancreas 

CoMAiENT — A cystadenoma of the head of the pancreas which had com- 
pressed the residual tissue of the head into a thin shell intimately applied to 
its posterior aspect was successfully removed The common bile duct, portal 
vein and hepatic artery which were flattened out and bound to the posterior 
aspect of the mass were dissected free Of note was the absence of any 
evidence of common duct or portal vein obstruction despite the marked com- 
pression of these structures The location of this tumor in the head of the 
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pancreas is uncommon m a lesion which in itself is infrequent The mass 
was markedly mobile and because of this and the absence of any suggestive 
roentgenologic findings, a pre-opeiative diagnosis of pancreatic cyst was not 
made The mobility vas due to an unusually displaceable duodenum and 
pancreatic head It was noted, fliioi oscopically, that the duodenum was 
situated to the left of the midline but as there was no evidence of its com- 
pression or distoition, the significance of the finding was not interpreted as 
suggesting a pancreatic lesion The tumor itself was firm rather than cystic 
to palpation, and on section there was a considerable fibrous stroma between 
the numeious small cysts with a laige, central solid mass containing calcific 
deposits The epithelium lining the cysts in some areas bore a marked 
resemblance to endothelium It is interesting that despite this presence of 
calcium in the mass no shadow was cast on the roentgenograms even when 
the films were reviewed in retrospect 

STOIiMART 

1 The literature on cystadenoma of the pancreas is reviewed, and the 
various clinical, pathologic and surgical features of the lesion are briefly 
discussed 

2 A case of cystadenoma of the head of the pancreas in a 31 -year-old 
female, with successful suigical extirpation, is reported 
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MUCOCELE OF THE APPENDIX, WITH MYXOGLOBULOSIS* 
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WASHINGTON UNIVERSITY SCHOOL OF MEDICINE 

Myxoglobulosis is a special t3'pe of mucocele characterized by the pres- 
ence of globoid bodies, 2-3 mm m diameter, composed of mucoid material 
They form clusteis resembling fiog eggs, which has led to the adoption of 
such names as “fish-egg or fiog-egg mucocele” 

The first case of mucocele with myxoglobulosis was described by Latham^® 
(I897), who discoveied the condition by chance m the course of a routine 
postmortem examination Huettei® (190/) presented a case of pseudomyxoma 
peritonei which originated from a mxyoglobulosis of the appendix Boeck- 
mann^ (1910), found a mucocele of the appendix with myxoglobulosis while 
operating for what appeal ed to be acute appendicitis Von Hansemann® ( 1914) 
found this condition in two routine autopsies and gave it the name, “myxo- 
globulosis ” Since that time a number of other cases have been reported In 
1941, Hollstrom" reviewed the literature and found 36 cases of mucocele of 
the appendix associated with myxoglobulosis Since then only two other cases 
have been mentioned m the available literature As to the fiequency of ordi- 
nary mucocele and myxoglobulosis, only a few data are available Neither in 
Castle’s"* 28 cases of cystic dilatation of the appendix, nor m Jirka and Scu- 
deri’s** 22 mucoceles found in 9,535 appendicectomies at Cook County Hos- 
pital, Chicago, nor m Mayo and Fauster’s*^^ 76 mucoceles, was any mention 
made of the presence of myxoglobulosis In 1925, Milliken and Poindexter^^ 
stated that the incidence of myxoglobulosis in cases of mucocele was 0 35 per 
cent To date, approximately 500 mucoceles, 39 with myxoglobulosis, have 
been recorded, to give an incidence of 7 8 per cent However, there would be 
a tendency to report single cases of the latter, whereas the former would 
appear in the literature in larger series, thus, the true incidence of myxoglobu- 
losis should be lower 

Case Report — This patient, a while male, age 54, entered the Jewish Hospital, 
March 24, 1945, on the service of Dr Alfred Goldman His chief complaints at that time 
were swelling in both lower extremities and cramping (substernal) pain After examina- 
tion, diagnoses of cardiac decompensation, moderate arteriosclerosis, chronic nephritis, 
and chronic passive congestion of the lungs were made Laboratory examination was 
negative except for a 2 plus albumin and an N P N of 49 Decompensation therapy was 
instituted On March 30, 1945, the patient developed nausea and an attack of abdominal 
pain, which seemed to be most severe on the right side of the abdomen Examination 
revealed tenderness, rigidity and rebound tenderness over McBurney’s point There was 
no history of any previous attacks Blood was noted in the stool on digital examination 

Laboiatory Data — W B C 14,000, 5 stabs Urinalysis 2 plus albumin Blood 

* Aided by the Louis M Monheimer Research Fund 
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N P N 49, diastase 6i, total protein 6 6, albumen 45, globulin 21, cholesterol 239 
Temperature 100° F , pulse 86, respirations 20 A diagnosis of acute appendicitis was 
made, bearing in mind the possibility of an acute mesenteric thrombosis and Meckel’s 
diverticulum 


Fig I 



Ce.cum Appe/iadix 



Fig 2 

Fig I — Specimen removed at operation, showing the dilated distal end 
of the appendix and the proximal end intussuscepted into the cecum (About 
two-thirds actual size ) 

Fig 2 — The cecum end opened, showing the intussuscepted mucocele 
(About two-thirds actual size ) 


Operation — On exploration, a very large, elongated, injected organ resembling a 
distended gallbladder was encountered Upon further investigation the gallbladder was 
found to be in its normal position and not diseased The mass proved to be a large, dis- 
tended appendix, which was partly intussuscepted into the cecum (Fig i) Because of 
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the patient’s critical condition, the entire mass, including the cecum and ileum, was 
exteriorized and removed with a Rankin clamp The abdomen was closed in the usual 
manner The patient had a stormy postoperative course, but left the hospital well 

Pathological Repot t — Gross The specimen consists of a piece of ileum, the cecum, 
and a small portion of ascending colon The appendix is transformed into an oblong sac, 
measuring 7 cm m length and 3 5 cm in diameter The proximal one-third of the dilated 
appendix is mvaginated into the lumen of the cecum and the portion of the cecal mucosa 
covering the intussuscepted sac is swollen and dark-red m color The distal portion of the 
appendix is not involved in the intussusception and has a greyish, pale surface (Fig 2) 



Fig 3 — Contents of the mucocele composed of clusters of 
globoid bodies (actual size) spread out on a flat surface 


The distended lumen of the appendix contains about 80 cc of jelly-like material composed 
of hundreds of opaque white globules, measuring about 2 mm in diameter Groups of 
them are glued together by a yellowish-white, mucoid material, creating the appearance 
of a cluster of fish eggs (Fig 3) The wall of the dilated appendix measures 2 mm in 
thickness, it shows no definite stratification 

Microscopically , section through the wall of the cecum, covering the intussuscepted 
appendix, shows the epithelial surface for the most part destroyed and the remaining areas 
covered by a deposit of fibrin and leukocytes There is marked hemorrhage into the wall 
and infiltration of all layers by polymorphonuclear and mononuclear leukocytes The 
serosa is also poorly preserved Sections through the wall of the dilated appendix fail to 
show any lining epithelium, although deposits of mucoid material, with scalloped edges, 
suggest the outlines of intestinal glands In one area the mucoid material appears to be 
actually deposited within the submucosa The wall is. thickened and consists of layers of 
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longitudinal and circular muscle, and remnants of a submucosa, with a few inactive 
lymphoid follicles The globules forming the contents of the appendix, when stained with 
haemotoxylm and eosin, show an outer blue-stainmg, laminated hull and an eosinophilic 
center, which consists of finely granular material and contains numerous clear, linear slits 
(cholesterol slits) Examination of the fresh, unstained globules reveals typical choles- 
terol crystals Pathologic Diagnosis Myxoglobulosis of the appendix with intussuscep- 
tion into the cecum 

Comment — The experimental work of Grodinsky and Rubmtz® has con- 
tributed considerable information concerning the etiology of ordinary muco- 
cele In 26 rabbits they ligated the proximal end of the appendix, carefully 
avoiding the blood supply and clearing, but not sterilizing, the lumen They 
were able to produce mucoceles by this method almost at will Rubmtz and 
Hermann^® reported that of 24 mucoceles produced by this artificial method, 
two showed myxoglobulosis, but they were unable to give a satisfactory 
explanation for this variation They suggested that probably a combination of 
physical effects, such as a particular^ forceful peristalsis from the hyper- 
trophic muscles, together with changes in internal pressure of the mucocele, 
are required to give this characteristic picture 

Pohl,^® and Cagnette^ believe that the same infection which results in the 
stenosis of the proximal end of the appendix also damages the glands As a 
result, the orifices of some of the glands become stenosed and the secreted 
mucus IS trapped The mucous masses exert pressure on the epithelium, which 
becomes detached and accounts for the cellular elements often observed within 
the globules Owing to reabsorption of water the secretions become inspis- 
sated, but they retain their globular shape The pressure further increases, due 
to muscular action of the appendix, and the occluded glands finally burst, 
allowing the globules to escape and gam access to the lumen of the appendix 
Here they coalesce with other globules and become rounded-off, in the same 
manner as rice bodies m a knee joint 

According to Poindecker^'* a phlegmonous type of inflammation occludes 
the proximal portion of the appendix with formation of a mucocele, which by 
pressure causes the appendiceal crypts to enlarge and to foim small diverticula 
The globules then develop m these diverticula by the same process as was 
described above 

Von Hansmann® points out that the appendiceal glands are hardly large 
enough to accommodate the globules, which measure up to 2 mm m diameter 
He suggests that only the nucleus of the globules forms in the glands and the 
outer layer is added m the appendiceal lumen, which is borne-out by the differ- 
ent staining properties of these two layers However, by this same line of 
reasoning it might be pointed out that the nucleus of the globules (the eosin- 
staining portion) measures o 5 to i mm m diameter and could not be accom- 
modated by an ordinary-sized appendiceal gland 

The pathologic findings in our case agree for the most part with the 
previous reports of mucocele with myxoglobulosis discussed in the literature 
Destruction of the mucosa is a fairly constant finding, although Rubmtz and 
Hermann^® describe a marked hyperplasia of the mucosa, with papillomatous 
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proliferation m their ai tificially-produced cases in rabbits. Undoubtedly this 
IS an early leaction, which probably changes as the pressure within the appen- 
dix increases 

The chemical composition of the globules is still a matter of discussion 
Most authois believe that the inner keinel, which stains red with eosm, is a 
pseudomucin, giving a negative test for mucin It does not stain by the Wei- 
gert method foi fibiin The outer onion skin layer, on the other hand, stains 
with haemotoxyhn, and not infrequently gives a positive test for mucin Sev- 
eral authors have described cellular debris and epithelial cells as inclusions 
within the globules, but no mention is made of cholesterol crystals, as we found 
in the case reported above They can easily be explained as products of cellu- 
lar disintegration of the appendiceal mucosa This would favor the theory that 
the globules begin their formation within the appendiceal crypts 

Based on all of the evidence available to date, we feel that the pathogenesis 
of m3^xoglobulosis is as follows A very mild inflammation of the cecum or the 
proximal end of the appendix seals it off and produces a mucocele The same 
process injures the glandular epithelium of the appendix and a number of 
epithelial cells are destro3'-ed and sloughed-off into the lumen of the crypts 
In addition, some of the mucinous mateiial becomes inspissated in the appen- 
diceal crypts, which enlaige as a result of inci eased pressure and the globules 
are formed Intrinsic pressure from the globules within the crypts causes 
destruction of the epithelial lining and some of the cellular elements are 
included within the globules When the globules grow too large for the ciypts 
they are expelled into the lumen of the appendix, possibly with the help of 
peristalsis, and in the lumen they come in contact with the mucoid material 
present Continued peristalsis rotates the globules and, thus, they collect 
layers of mucin and the outer shell assumes a laminated appearance At the 
same time the remaining mucosal surface becomes further atrophied, due to 
the continued pressure within the appendix 

It IS interesting that of the 38 cases of myxoglobulosis reviewed in the 
literature, only about six of these cases were operated upon for symptoms 
referable to the appendix All of the others were discovered in the course of 
surgery for some other cause, or as findings in routine postmortem exam- 
inations ^ Although several cases of intussusceptions related to simple muco- 
cele appear in the literature, ours is the only case of intussusception caused by 
mucocele of the appendix, with myxoglobulosis 

SUMMARY 

A case of mucocele of the appendix, with myxoglobulosis, associated with 
intussusception is reported 

Cholesterol crystals found within the globoid bodies, which have not been 
desciibed previously, are considered indicative of destruction of epithelial 
cells in the crypts of the appendix This debus together with inspissated 
mucus forms the nucleus of the globules, which later add to their size as they 
are expelled into the lumen of the appendix 
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CARCINOMA OF THE BREAST IN THE ABSENCE 
OF CLINICAL BREAST FINDINGS 

Arnold S Jackson, M D 

Madison, Wisconsin 

FROM THC JACKSOV CLINIC, MADISON, WISCONSIN 

The DETECiiON of eaily malignant lesions of the breast is often impossible 
for the layman and even difficult for the physician because of the small size 
of the giowth Moie-and-more it has become appaient that the problem of 
breast cancer is a discouraging one and that the best hope for its successful 
treatment is eaily recognition and thorough eiadication The difficulty con- 
fronting the clinician m the earl}'- detection of this condition is evident from 
the report of the follov mg cases 

Although these thiee cases weie examined by several physicians, it was 
impossible to detect any clinical signs of pathologic abnormality in the breasts 
of any of the patients If similai instances have been previously observed and 
recorded, a cursory review of the voluminous hteiatuie on carcinoma of the 
breast failed to reveal it 


CASE REPORTS 

Case 1 — A female, age 62, was referred to the Clinic on April 21, 1943 The 
patient stated that two months prior to admission she had noticed a tumor mass in the 
right axilla At first the growth was small and was described as bean-size, this had 
gradually enlarged until at the time of admission it appeared about the size of a hen’s 
egg, and was deeply imbedded m the axilla and apparently attached to the axillary vein 
The growth was firm and not freely movable It appeared rather hard and nodular,' and 
seemed definitely malignant, although the possibility of tuberculosis and Hodgkin’s 
disease had to be excluded A careful breast examination revealed no abnormality in 
either breast There were no demonstrable lymph node enlargements elsewhere The 
general physical examination was otherwise negative A differential and complete blood 
count was normal Roentgenologic examination of the chest was negative 

Operation — On April 26, 1943, under gas-ether anesthesia the tumor mass was 
excised It was adherent to the axillary vein and was hard and nodular and 6 by 4 cm 
in size It appeared grossly malignant, and this impression was confirmed by a frozen- 
section examination The possibility of a malignant degeneration of a supernumerary 
breast was considered, and the prognosis was believed unfavorable 

Permanent tissue examination was reported by the pathologist. Dr Henry Bunting, 
as follows “Section shows carcinomatous metastases in lymph nodes, which one could 
casually assume were from the breast If that possibility has been ruled out, there is some 
histologic evidence that the tumor may be from the large sweat glands of the axilla, if 
the mass appeared adherent to the skin, I should think that origin almost certain ” 

The mass did appear adherent to the skin, and, m the absence of any signs of 
pathologic changes in either breast, the condition was considered as a primary sweat 
gland tumor of the axilla However, m the light of my experience since that time I 
would have made a different decision in regards to this case as may be judged from 
the following 
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For the next six months the patient was given several treatments with radium packs 
to the axilla From that time she returned for follow-up examinations every three months 
until August 27, 1946 She stated that two weeks prior to that date she had noticed a 
small lump m the right axilla Examination revealed a recurrent, hard, nodular, fixed 
mass deep in the right axilla However, at approximately 3 o’clock m the right breast, 
about 5 cm from the nipple, there was a firm, hard mass about 3x3 cm There was no 
retraction of the nipple, but the skin was attached Thus, three years and four months 
after the removal of the axillary node mass the probable primary tumor became apparent 
in the breast This tumor, of course, had been present in microscopic form for several 
years, but repeated clinical examinations of the breast by several physicians every few 
months failed to reveal any gross evidence of it 

From experience gamed m the following two cases, m retrospect, I would have per- 
formed a radical breast amputation as soon as a pathologic examination had indicated 
that the axillary nodes were malignant On August 27, 1946, a radical breast amputation 
was performed, however, it was impossible to satisfactorily clean out the axilla because 
of dense scar attachments to the axillary vein, the result of the previous operation and of 
the radium therapy At the present time there is no other evidence of further metastasis, 
and the patient’s health is good 

The pathologic examination showed “carcinoma of the breast, with considerable 
differentiation of cells ’’ 

Case 2 — On October 13, I944, a 37-year-old single woman came to the Clinic 
because she had accidentally found a lump in her left axilla the day previous Examina- 
tion by Dr Harold Afarsh revealed a small movable mass that was hard and about the 
size of a marble No other nodes were palpable, and careful examination of the breast 
revealed no evidence of any pathologic changes A dissection of the axillary nodes was 
performed by Dr Luther Holmgren, and the pathologic examination by Dr Henry Bunt- 
ing showed a metastatic cancer, adenocarcinoma m type, but becoming simplex On the 
basis of this report is was decided to perform a radical amputation of the left breast, 
which was done on November 30, 1944 Gross examination revealed several minute areas 
suggestive of carcinoma in the lower portion of the breast as well as several small nodes 
The patient received postoperative radiation therapy and, when last examined on Sep- 
tember 3, 1946, was m good health 

Case 3 — On October 10, 1946, a married woman, age 50, came to the Clinic 
because of a lump in the left axilla first noticed some five months prior to admission 
When first noticed, the lump was described as being the size of a marble, and no enlarge- 
ment had been observed 

Examination by Dr Harold Marsh revealed two discrete nodes in the left axilla 
They were hard but movable Physical examination including a careful study of both 
breasts was otherwise negative A roentgenologic examination of the lungs was negative 
On October 24, 1946, excision of the axillary nodes was performed, and the following 
pathologic report was given by Dr D M Angevine “Medullary carcinoma Origin is 
not clear from data given Unusual location for metastasis from carcinoma of lung, but 
this IS a possibility ’’ 

In the light of the two cases reported above another very careful examination of the 
patient’s breasts was made without revealing any abnormalities Not satisfied, I called 
into consultation several of my associates, all of whom corroborated my findings The 
experience with the other two cases was reported to the patient and her relatives, and 
despite the negative examination a radical removal of the left breast was advised Con- 
sent for the same was given, and on October 2g, 1946, this operation was performed When 
the breast was removed and turned over, several suspicious areas the size of a match head 
could be palpated but scarcely distinguished from the surrounding tissue There was one 
node that appeared involved The pathologic report by Doctor Angevine was as follows 
“Breast specimen consists of a breast with irregular, firm, gray bands radiating out from 
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the nipple and extending into fat There is also a lymph node measuring i 2 x i cm that 

15 very firm On sections, there is a carcinoma of duct type, with extensive involvement 
of the Ijunph node Pathologic Diagnosis Carcinoma of breast, with metastasis to a 
lymph node” 

The patient made an uneventful recovery and is now receiving radiation therapy 

These thi ee cases illustrate the need of a careful examination of the axilla 
of all patients despite negative bieast findings If axillary nodes are found, 
tliey should be removed for pathologic examination, and, if found to be 
malignant, the advisabilit)'’ of a 1 adical bi east amputation should be given most 
serious consideration 

16 S Henrj'- St 
Madison 3, Wis 
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HAMARTOMA OF THE LIVER 
Robert J Patton, M D , M S (Surg ), F A C S 

SpniNGPIEU), IlXINOIS 


Hamartoma of the liver, a distinctly rare entity, if judged by the 
paucity of cases reported, deserves mention when encountered because it 
represents a resectable and curable tumoi in an organ commonly involved by 
hopeless neoplasms 

Hamartoma {aiiapria, error or defect, and -wpa, tumor) is a term coined 
by AlbrechP m designation of ceitam tumors which cannot be classified with 
the true neoplasms, which have a relative quantitative disproportion of tissue 
elements noimally comprising the organ, but which have not attained the 
complete pattern of the organ These tumors are congenital and of a teratoid 
nature, with retention of some embryonal chaiactenstics , they are more or 
less encapsulated, do not contain mitotic figures and do not metastasize In 
the indexed titles of the literature of the past ten years the term, hamartoma, 
has been used m connection with tumors of the skin, tympanum, brain, 
choroid plexus, thyroid, lung, bronchi, spleen, heart, mediastinum, and liver 
Hamaitoma of the liver is generally found in the infant Ladd and Gross® 
described an hamartoma of the liver, weighing 400 Gm , successfully removed 
from an infant of eight months Benson and Penberthy,® in 1942, excised a 
similar tumor, weighing 60 Gm , from the liver of an infant seven months of 
age with recovery 

Case Report — No 18591 R O , white, female, age 16 5 months, was admitted on 
the Pediatrics Service of Memorial Hospital by Dr J Keller Mack, September 15, 
1946, because of enlargement of the abdomen She had been born by cesarean section 
because of postpoliomyelitic deformities of the mother, and had always appeared in 
normal health, though her abdomen was always noted to be large No abnormality was 
detected by her family doctor until he found an abdominal mass about two weeks before 
admission 

Physical Evammation A well-developed child, weighing 24 pounds, and standing 
with moderate irreducible protrusion of the abdomen (Fig i) A rounded, partially 
lobulated, firm mass extended from the right costal margin into the iliac fossa, filled the 
right flank and extended across to the left nipple line, occupying about two-thirds of the 
abdomen Examining fingers could be inserted beneath the costal margin, but the upper 
border of the mass was indefinite, the lower border was freely palpable, and the tumor 
could be moved slightly, with no apparent pain, it was less well-palpated through 
the flank 

Laboratory Data Hemoglobin 115 Gm (74 per cent), R B C 3 99 million, 
W B C 8,600, lymph 58, seg 32, stab 21, eosin 4, mono 4 Urinalysis was normal 

Roentgenograms showed a large homogeneous mass in right side of abdomen 
After barium enema the mass was seen to displace the proximal colon downward and 
posteriorly (Fig 2) Intravenous pyelogram showed no dye in right kidney, but retro- 
grade examination showed normal pelvis and calyces on right 
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Course After preliminary blood transfusion, and with a diagnosis of probable mesen- 
teric cyst, operation was performed, September 21, 1946, under vinyl and ethyl ether 
inhalation anesthesia Through a long right rectus incision the tumor was immediately 
encountered and delivered (Fig 3) It measured 8x7x4 inches m situ, and in shape, 
size, consistency and color bore a striking resemblance to a beef heart, the base was 
broadly incorporated into the right lobe of the liver, and the medial border lay imme- 
diately adjacent to the gallbladder, the apex felt cystic, large veins coursed beneath the 
serosa of the tumor into the liver Complete 
excision required resection of nearly half of 
the right lobe of the liver, which was accom- 
plished without great difficulty by preliminary 
placement of mattress sutures of No i chromic 
catgut, the lateral half of the resection was 
facilitated by temporarily compressing the liver 
with a rubber-shod intestinal clamp The cap- 
sule of the tumor did not completely enclose the 
base where the tumor tissue blended with nor- 
mal liver, but it was considered to have the 
gross characteristics of a benign lesion Mild ' 
shock ensued during traction on the liver despite 
blood replacement, it was estimated that less 
than 200 cc of blood was lost, but a similar 
amount was probably contained in the tumor 




The raw stump was allowed to retract above 
the mesocolon without reperitoneahzation The 
wound was closed with No o chromic catgut 
for peritoneum and No 30 cotton for fascia A 
small Penrose dram was left inlying to the 
stump 

The patient developed a rectal temperature 
of 104 2° F eight hours after operation, and 
this gradually decreased to normal by the 8th 
day, when the dram and sutures were removed 
Adequate urinary output was assured by intra- 
venous solutions Abdominal distention was pres- 
ent for three days She was discharged on the 
nth postoperative day Examination five months 
after operation disclosed that her physical de- 
velopment had proceeded normally and there 
was no evidence of recurrence of the tumor 



Pathologic Evamination (Dr A Vass) — Fig i — Preoperative photograph 

Gross A heart-shaped mass 17 x 17 x 95 cm, demonstrating enlarged abdomen 

weighing 1,575 Gm (Fig 4A) On section 

(Fig 4B), the entire mass consists of roughly lobulated, firm but elastic yellowish- 
pink tissue, the lobules measure from 2 to 5 mm in diameter and are separated by 
septa less than i mm in width In the distal portion is a roughly spherical 8-cm cyst 
containing clear yellowish fluid and lined by a smooth pinkish-gray transparent mem- 
brane with incomplete septa Several similar but smaller cysts were found on further 
section At the base a 3 to 4 mm layer of reddish-brown liver tissue is noted to be 
well-demarcated from the adjoining tumor tissue 

Microscopic The liver tissue present at the proximal end of the specimen appears to 
e quite normal Very slight infiltration by round cells is present in periportal connective 
tissue However, in the zone of the liver which adjoins the tumor mass (Fig 4C) the 
periportal connective tissue contains rather irregularly-shaped glandular structures which 
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A B 

Fig 2 — Roentgenograms, A anteroposterior, and B lateral, demonstrating 
inferior and posterior displacement of right colon 





Fig 3 — ^Appearance of tumor at operation Hemostat indicates 
attachment to liver 
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are more or less haphazardly arranged They are lined by a single to double layer of 
cuboidal epithelial cells most of which possess vesicular and only occasionally hyper- 
chromatic nuclei Often these structures are surrounded by groups of lymphocytes and 
a few eosinophilic polymorphonuclear leukocytes The structures are not always confined 


A 



B 


Fig 4 — Gross specimen A after excision, and B after 
section, demonstrating cyst at apex 

to the periportal connective tissue but are also found between the adjoining liver cords 
The structures are not infrequently surrounded by apparently newly-formed moderately 
cellular connective tissue These structures resemble bile ducts in a general way Sections 
from the periphery of the tumor (Fig 4D) reveal it to consist of rather abundant, some- 
what edematous, hyalm connective tissue forming the stroma into which are embedded 
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numerous glandular structures similar to those described above except that they are more 
irregular in shape and are somewhat distended They contain traces of pinkish-staining 
homogeneous material Occasionally there are papillary projections of connective tissue 
into the lumina These projections are covered with cuboidal cells similar to those lining 
the lumma elsewhere There are also a large number of rather distended capillary blood 
spaces lined with a single layer of flat endothelial cells Occasionally the arrangement of 
connective tissue about these spaces is similar to that seen in veins Small islands of 
polygonal, moderately large cells, possessing somewhat hyperchromatic moderately large 
nuclei and somewhat eosinophilic cytoplasms, are scattered throughout the section These 
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Frc 4C Fig 4D 

Fig 4 (Cont’d) — Photomicrographs demonstrating C hver-like tissue near base of 
tumor, and D fibrocystic appearance near apex 


resemble liver cells and sometimes are continuous with the above mentioned glands 
Pathologic Diagnosis Hepatoid hamartoma A tumor of complex embryonal origin, 
probably arising from the multivalent liver cell, and possibly malignant 

Discussion — Sections from this tumor were reviewed by another pathol- 
ogist* who agreed that it was classifiable as hamartoma under the present 
usage of the term, considered it benign but preferred a more descriptive term 
such as “benign mixed cystic teratoid tumor ” 

In a classification of true primary tumors of the liver, Warvi^®’ “ consid- 
tred hamartomas to be indistinguishable from adenoma of the liver, a more 
common and usually benign tumor His opinion was based on review of 
material demonstrating a preponderance of liver cords without bile ducts or 

* Dr Carl V Weller, Director of Department of Pathology, University Hospital, 
Ann Arbor, Michigan 
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portal triads, a type of tissue not exactly comparable to our case nor to that 
of Benson and Penberthy who permitted the author to study their sections 
which resemble the proximal portion of the tumor here reported Further 
case studies should be reported to permit a more precise classification of these 
tumors and to define their relationship to other benign tumors composed of 
hepatoid elements It is possible that the variable criteria for the diagnosis of 
adenoma of the livei may have resulted in the classification of hamartomas 
with adenomas m other series ^ 

It would appear inaccurate to liken the tumor in our case to adenoma, 
cystadenoma or cholangiohepatoma as the proportions of liver cells, bile ducts 
and fibrous tissue varied vithin the tumor itself, there being, at the base 
(Fig 4C), a less matuie but more liver-like tissue than at the apex (Fig 4D) 
where livei cells weie scarce and fibrocystic tissue predominated A com- 
parable tumor removed from the liver of a 13-months-oId infant and weighing 
45 pounds was descnbed by Lee® as “laige solitary bile-cell fibro-adenoma 
of the liver ” It is this abnormally great development of supporting connec- 
tive tissue that is described by Albrecht^ m his discussion of hamartoma 
and hamartoblastoma In a former article^ he regarded the two mam possi- 
bilities of the manner of origin of fibrocanalicular hamartomas as (a) abnor- 
mally abundant formation of connective tissue as a result of increased anlage 
or greater localized power of proliferation of mesenchyme cells, and (b) 
abnormal relative activity between the canaliculi-forming and the supporting 
tissue cells 

The tumor in our case weighed 1575 Gm , nearly five times the weight 
of the average liver of this age, which is said to be 331 Gm and composed 
one-seventh of the patient’s total weight 

These tumors apparently occur most often in the right lobe of the liver 
Characteristic displacement of the colon downward and posteriorly, but not 
forward as m the more common Wilm’s tumor, a normal pyelogram and a 
tumor of the upper right abdomen more easily palpable anteriorly than m the 
flank should suggest the possibility of a primary liver tumor in an infant 
Hamartoma cannot be distinguished from adenoma without exploration 

The technic of resection of the liver is fairly well-standardized 
Improved anesthesia and restorative therapy now permit resection of liver 
tumors with increased safety Fibrin foam or gelatin sponge with thrombin 
should be useful hemostatic adjuncts The febrile postoperative course of our 
patient was not adequately explained but may have been the result of 
liver trauma 


SUMJIART 

Hamartoma of the liver is a structurally variable but benign and resectable 
tumor of the liver which occurs predominantly in infants Despite the fre- 
quency of malignant liver tumors, surgical exploration is considered justifiable 
because of the occasional occurrence of hamartoma or other benign tumor, in 
which case a good prognosis may be given if the tumor is totally removed 
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A CASE OF GLOMUS TUMOR WITH PRIMARY 
INVOL^^EMENT OF BONE 

Raffaele Lattes, M D , and David C. Bull, M D. 

New York, N Y 

FROM THE <;URGtCAL PATHOLOGT LABORATOR\ COLLEGE OF PHTSICIANS AND SURGEONS COLUMBIA 
UNIVERSITY, AND THE DEPARTMENT OF SURGERY, PRESBYTERIAN HOSPITAL, NEYV YORK, N Y 

Since Pierre Masson, m 1924, published his paper entitled “Le glomus 
neuro-myo-arteriel des regions tactiles et ses tumeurs,” the neuromyo-arterial 
glomus and its tumors have been the subject of numerous and often excellent 
publications 

Although definitely uncommon, the glomus tumor has now become a well- 
recognized clinical and pathologic entity A preoperative diagnosis based on 
the tj-^pical history and symptoms is often possible, and the microscopic char- 
acteristics of the neoplasm are now well known to the pathologist It would, 
therefore, seem superfluous to report another case were it not for one reason, 
I ^ , Its location which, as far as we are aware, has been reported only once 
before in the literature 

Case Report — Chntcal Histoiy The patient is a 28-year-old white woman who 
came to the hospital YVith the chief complaint of pam in the right thumb of about four 
years duration The past history is noncontributory except that about ten years ago her 
right hand was caught m the door of a tram injuring the thumb She, however, does not 
remember that at that time any ecchymosis or incapacitating wound resulted 

The symptoms developed gradually and consisted of a sharp and stabbing pain 
recurring at irregular intervals and not relieved by aspirin or warm water soaks Appar- 
ently with the pam there always were associated small deep vesicles of the skin of the 
distal phalanx of the same thumb 

Physical Examination Blood pressure 108/76 The thumb nail appeared enlarged 
and curved in all directions The finger was slightly enlarged and the skin somewhat 
thickened and discolored These areas of red discoloration were painless to the touch 
On the volar surface there was an area of paler skin in which lay many deep vesicles 
filled with clear fluid There was cyanosis of the nail bed and the whole finger was 
warmer than the others The skin of the finger was sensitive to the touch The super- 
ficial radial vein of the thumb appeared enlarged 

Roentgenograms (Fig i) shoYved honey-combed areas of decalcification of the distal 
phalanx suggesting cysts or an enchondroma 

On the basis of these findings, the clinical diagnosis varied as follows (A) Passive 
congestion possibly caused by cervical rib (disproved roentgenologically) (B) Chon- 
droma (C) Bone cyst (D) Glomus tumor 

On December 15, 1944, the patient was operated upon by one of us (D B ) under 
avertm-gas-oxygen anesthesia No soft-tissue masses were found The terminal phalanx 
of the thumb was found to be almost completely replaced by areas of softening containing 
a jelly-Uke material Only a paper thin cortex was left The lesion was curetted and the 
defect was filled with a bone graft The patient, seen recently, more than one year 
after the operation, appears to be completely cured of the symptoms caused by the 
wtraphalangeal tumor Roentgenograms demonstrate the bone graft to have maintained 
die full length of the phalanx if not quite the entire diameter 
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Pathologic Examinahon —Gross (S P 91809) This consisted of a few small, 
irregularly-shaped fragments of jelly-like pale tissue, the largest of which measured 
about 6 mm m average dimensions A few small spicules of bone were also present 
Microscopic Evammatwn (Figs 2 and 3) Sections show a neoplasm, the mam 
characteristic of which consists of the presence of “epithelioid” cells arranged in peri- 
vascular cuffs around numerous endothelium-lined spaces The tumor cells are polygonal 
and, m general, closely apposed and contain round nuclei with one or more small 
nucleoli Around the nuclei sometimes there is a clear halo in the cytoplasm Besides 
the above described perivascular arrangement, the neoplastic elements form also solid 
masses and cords These are separated by a loose, poorly cellular, mj-xomatous tissue 
in which are often found elongated, spindle-shaped elements resembling smooth muscle 
cells However, mjmfibrils cannot be made out with certainty in these cells Well pre- 
served bone lamellae are seen here and there in the neoplastic tissue (Fig 2) A 



Fig I — The bone of the terminal phalanx shows multiple 
cyst-Iike areas of decalcification 


Laidlaw stain for reticulin shows the presence of delicate argentaffine fibers between 
the tumor cells Furthermore, it shows that in the perivascular cuffs the tumor cells 
are all arranged outside the reticulin membrane of the vessels, thus, ruling out a 
possible endothelial origin of the neoplasm 

The histologic features are typical of a glomus tumor The presence of 
spindle-shaped glomus cells that appear to represent a transition between the 
typical epithelioid elements and smooth muscle cells finds its counterpart m 
the normal neuromyo-arterial glomus in which there is a gradual transition 
from the smooth muscle cells of the afferent arteriole to the glomus cells 
surrounding the “Suquet-Hoyer canal,” and then again to the smooth muscle 
of the efferent vein 

As already mentioned, this case was considered worthy of publication 
because of its unusual location within the bone of the terminal phalanx 

In the collection of the Laboratory of Surgical Pathology of the College 
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of Physicians and Surgeons, theie are now 44 recorded cases of glomus 
tumors distributed as follows** 

Fingers 22, of which ii are subungual 
Toes 2, both subungual 
Forearm and aim 8 
Lower extiemity (thigh and leg) 

10, of which I IS in the capsule of the 
knee joint, and another one m the 
malleolar region showing featuies of 
malignancy 

Gluteal region i 
Lower eyelid i 

Only one other report of a 
glomic tumor completely encased m 
the bone of a phalanx could be found 
m the medical literature This was 
published in Cuba by Iglesias de La 
Torre, Gomez-Camajo, and Palacios 
The patient was a 32-)^ear-old woman 
who had been complaining of severe 
pam of four years duration affecting 
the whole upper left extremity but 
subject to paroxysmal exacerbations 
following the slightest trauma to the 
tip of the left ring finger The inspec- 
tion of this finger did not reveal any- 
thing noteworthy, but there was an 
exquisite tenderness of the last 
phalanx The fingernail and the nail 
bed were apparently normal Roent- 
genograms showed a small cystic cav- 
% 0 5 cm m diameter The patient was completely cured following disarticu- 
lation of the last phalanx, and the intraphalangeal cavity was found to contain 
a typical glomus tumor 

This IS, therefore, probably the second case report of a glomus tumor 
completely encased in bone Other well-documented cases can be found in the 
literature of glomus tumors arising away from the cutaneous-subcutaneous 
junction, where normal glomera are exclusively found, according to the 
studies of Afasson 

The occurrence of such cases can be explained m two possible ways (A) 

* It might be 'interesting to note that this group of glomic tumors shows an 
a solute predominance of females for the tumors arising in fingers and toes (21 out of 
25), and of males for those tumors distributed in the other regions of the body (18 out 
o 24) Another noteworthy feature is that only one of the cases of this senes behaved 
a malignant fashion 
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Fig 2 — Low power photomicrograph 
showing the close relationship between a 
lamella of bone and the neoplastic tissue 
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By Speculating on the existence of normal neuromyo-artenal glomera any- 
where in the body, but so sparsely distributed as to make it practically impos- 
sible to find them on routine histologic examination This is pure speculation, 
as It is not supported by any positive data (B) By considering the glomus 
tumor as an hemangiopericytoma of a highly diff ei entiated and specialized 
variety 

The problem of the distribution of the glomic tumors, and of the sig- 
nificance of their occurrence in regions in which no normal glomera are found 



Fig 3 — High power photomicrograph showing the typ- 
ical structure of the glomus tumor 


has been the object of very interesting studies published in 1942 by Murray 
and Stout These authors, studying explants of a glomus tumor by the method 
of tissue culture, concluded that there are no fundamental differences between 
the “epithelioid" cell of the glomus and “pericyte" of Zimmermann This cell, 
which Zimmermann considered a modified smooth muscle cell, was found by 
him around blood capillaries Possibly it is identical with the contractile 
adventitial cells described by Rouget, and others 

Murray and Stout felt that the identification of the glomus cell as the 
pericyte of Zimmermann offered a satisfactory explanation for the occurrence 
of glomic tumors away from the regions where normal glomera are found 
One might argue that the glomus tumor consists of a complex growth of 
an organoid character due to the presence, in addition and in close association 
with the epithelioid “pericytes," of large numbers of nerve fibers and fre- 
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quently of smooth muscle cells On the other hand, the hemangiopericytoma 
as described by Stout and Muiray is relatively a simpler growth which is the 
result of a neoplastic pi ohferation of pooily differentiated perivascular ele- 
ments However, it is very piobable that both the glomus cell and the pericyte 
represent modified smooth muscle elements from the walls of the blood ves- 
sels Most likely they both descend from a common undifferentiated stem 
cell, and it is, therefoie, conceivable that a neoplasm arising from such stem 
cell might diffeientiate into a glomus tumor even if no normal glomera are 
normally found in that paiticular region 

StTMaiART 

A case of glomus tumor completely encased in the bone of the terminal 
phalanx of a finger is piesented Only one other report of a similarly located 
glomus tumor could be found 

The pathogenesis of glomus tumors aiising where no normal glomeia have 
ever been found is briefl}^ discussed 
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SPECIAL NOTICE 

U S PUBLIC HEALTH SERVICE RESEARCH 
GRANTS PROGRAM 

The U S Public Health Service Research Grants Program, which 
has been in operation since 1946, is financed by public funds in the support 
of research — conducted without government control — by independent scien- 
tists The purpose of these grants is to stimulate research in medical and 
allied fields by making funds available and by actively encouraging scientific 
investigation of specific problems on which scientists agree that urgently 
needed information is lacking Since 1946, a total of $11,061,000 has been 
provided for the program, exclusive of appropriations for research grants in 
the fields of cancer and mental health A total of 16 grants, which repre- 
sents an expenditure of $159,910, has been approved 

Late m 1945 the Research Grants Division was established to administer 
the grant program of the Public Health Service with Dr C J Van Slyke 
as Chief In July 1947, in order to coordinate programs of research grants 
and research fellowships, the U S Public Health Service Fellowship Pro- 
gram was delegated to the Research Grants Division, which is now known as 
the Division of Research Grants and Fellowships 

Final recommendations to the Surgeon General of the Public Health 
Service are made by the National Advisory Health Council regarding all 
research grants except those relating specifically to the fields of cancer and 
mental health, for which the National Advisory Cancer Council and the 
National Advisory Mental Health Council are responsible, respectively 

At the request of the National Advisory Health Council the fields of 
medical and allied research were classified into 20 major categories, and 
Special Study Sections made up of consultant experts in these 20 fields 
have been established Late in 1946 the Surgery Study Section was 
organized with Dr Frederick A Coller, Professor of Surgery, University 
of Michigan School of Medicine, as Chairman 

The 16 grants which have been activated in the field of surgery cover 
the following general subjects Mitral stenosis, hyperactivity of sympathetic 
efferent nerves, revascularization of the heart, experimental pulmonary 
stenosis, development of a pump-oxygenator for use in surgery, parasympa- 
thetic regulation of gastrointestinal activity, therapy of debilitated surgical 
patients, systematic metabolic changes following trauma, peritonitis of 
intestinal origin, biliary pancreatic reflux and diseases of pancreas and 
biliary tract, restoration of circulation after arterial severance, complications 
after vagotomy, amino acids and wound healing, etiology of acid-peptic ulcer, 
and etiology of ulcerative colitis 

There is, of course, great urgency for additional studies in the field of 
surgery Specifically, information is needed concerning shock, heart and 
lung complications, infection, anesthesia, and wound healing There is reason 
to believe that the ratio of complications and death may be 10 times higher 
with some anesthetic agents than with others 

Shortening of the period of disability following operation is a major 
economic and public health problem 

The development of new surgical procedures is needed for the solution 
of old problems, such as cancer, heart disease, hypertension, kidney and liver 
disease, peptic ulcer and tuberculosis 

Research must develop safe methods for reducing the hazard of surgery 
in the aged 

Applications for grants may be submitted at any time and should be 
addressed to Chief, Division of Research Grants and Fellowships, National 
Institute of Health, Bethesda 14, Maryland 
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THE SYNDROME OF THROMBOTIC OBLITERATION 
OF THE AORTIC BIFURCATION 

Rene Leriche* and Andre Morel 
RojrANS, France 

One of us has described, m 1940,® a very peculiar and typical syndrome 
related to thrombotic obliteration of the end of the abdominal aorta This new 
syndrome has no relation to the dramatic and well-known “saddle embolism” 
seen in cardiac patients and long since described in textbooks The thrombotic 
disease appears to be a disease with a long course, presenting, for a long period, 
symptoms which have no meaning for the physician, unpleasant as they may 
be for the patient It may remain compatible for years with a seemingly almost 
normal life From the scarcity of reports in the world literature, it might be 
assumed to be rare On the contrary, our feeling is, that its occurrence is not 
infrequent, and that adequate knowledge of its components will help to dis- 
cover a fair number of cases which otherwise would remain misunderstood 

CLINICAL FEATURES 

These appeared very clearly m our original cases (Leriche, 1940)®, and 
they appear in all observations published since (Martorell, 1942, Andre 
Morel, 1943, Delannoy, Ameline, 1945, Moulonguet, 1945, Peycelon & Galla- 
vardin, 1945, Frieh & Andre Morel, 1946, Servelle, 1946, Christophe, 1947 
as well as in unpublished cases of our own) 

As a rule, patients are young adults (the youngest of ours was 29) , mostly 
males — but Delannoy leports a woman, aged 41 ® In general, their past his- 
tory IS irrelevant They come to the physician for one or the other of the 
following symptoms 

In the male inability to keep a stable election, the blood flow being insuf- 
ficient to fill the spongious processes (This sign is often met with in patients 
with high located arteritis of the ilio-femoral trunk, and is caused by vaso- 
spasm of the major pelvic arteries It is not permanent, and sometimes dis- 
appears following bilateral lumbar sympathetic ganglionectomy, with favorable 
results) If the disease is left to itself, sexual impotency \m11 soon be 
permanent 

From the College de France, Pans 
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Extreme hubility to fatigue of both lower limbs It is not the well-known 
“intermittent claudication,” but an extreme weariness, which comes quickly on 
walking, sometimes even in ordinary standing position 

Usually a global ati ophy of both lowei limbs which it is difficult to appre- 
ciate as a normal limb lacks as a term of comparison One must be on one’s 
guard, not to overlook bilateral atrophy 

No tiophic changes, either of the skin, or of the nails Toes look normal 
It IS difficult to believe that the circulation is severely impaired An important 
fact must however be noted if there is an error in the diagnosis, and if an 
incision IS made in the limb for pen-artenal sympathectomy (inadvisable in 
such cases), or any other operation, the zvoimd heals either very sluggishly 
or not al all 

Pallor of the legs and feet, even when standing At lest, the limb looks 
as if a Martin rubber bandage had just been released When the legs are 
raised to the vertical, the pallor becomes striking, being like ivory or marble 
The clinical investigation reveals, moreover 

— that no pulse can be found, either m the leg, or m the groin The iliac 
pulse IS not felt That of the aorta will be perceived very high-up, 
above the umbilicus 

— ^that oscillometnc findings are no oscillations m the leg or thigh, a 
slight thrill close to Poupart’s ligament 
— that blood pressure is a trifle high m the upper limb , without any 
renal disturbance 


DIAGNOSIS 

One should never diagnose a “neuritis” or a “polyneuritis” of the lower 
limbs, unless one has carefully examined the femoral pulses and the oscillo- 
metric curve Bearing this in mind, diagnosis is easy In fact, when a 
patient complains of impotency, or of severe fatigability of the lower limbs, 
or of pain m the thighs on exertion, if the physician finds alterations in 
the peripheral pulses, the provisional diagnosis of thrombotic obliteration 
of the aortic bifurcation may be made When no pulse has been 
found on either side, in the dorsalis pedis, tibial, femoral and iliac arteries, 
when oscillometry at ankle, calf and thigh is confirmative, the diagnosis is 
probably accurate Indeed, since our first description, the above-mentioned 
authors have discovered and diagnosed their cases with these simple means of 
investigation The only difficulty is the recognition of an obliteration localized 
in both common iliac arteries, but, as thrombosis of the whole bifurcation often 
begins thus, inaccuracy of the diagnosis is of no consequence 

In almost all cases, clinical data, a shrewd study of the patient’s history, 
and oscillometry, will lead to the discovery of the origin of all troubles 
Aortography, as originally developed by Reynaldo Dos Santos,"* will give a 
new and precise support to the diagnosis It should be performed under short 
barbiturate anesthesia If the patient is heavy, or presents signs of diminished 
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cardiac output, or has cyanotic legs with violaceous blui s, aortography is to be 
avoided, because in such instances its performance may lead to the extension 
of thrombosis, with fatal result In properly selected cases, aortography gives 
a neat picture of the lesions, of their extent, of the thin net of anastomoses 
and by-ways which, through all subcutaneous, muscular, diaphragmatic, epi- 
gastric, ilio-lumbar, etc , arteries, allow a very scanty, though vital blood sup- 
ply, to reach the ischemic limbs Aortogiaphies m man often show the same 
pictures as in Luigi Porta’s hundred-year-old book (ligatures on animals, 
Milan, 1845) 


PROGNOSIS 

Aortic thrombosis, although apparently very well-borne for years (5 and 
even 10) always ends m gangrene The onset of gangrene is not sudden, and 
not always bilateral It is usually preceded by an increase m muscular atrophy 
of legs and thighs, and by a growing impairment of walking Muscles vanish 
in a few weeks or months There then appear edema, a general violaceous 
hue of the legs, with ecchymotic suffusions, and soon, sores on all pressure 
points, not only on the sacrum and back, but also on iliac crests, the rotula, 
the malleoli, the heel Finally, gangrene supervenes, 1 e , dry gangrene, m the 
extremities, and m plates on leg, trochanter, and sides of the foot Such an 
outlook of scattered and widespread dry gangrene, is typical enough Lesions 
progress slowly accompanied by deep suffering which nothing can soothe, and 
death comes at length through heart, lung or kidney The prolonged survival 
can be explained by the above-described anastomoses The onset of the 
terminal period is due to upward and downward extension of the thrombosis, 
and sometimes to associated peripheric venous thromboses 

PATHOLOGY 

The pathologic characteristics have been revealed m a small number of 
cases by postmortems, and mostly by the findings at operation In some cases, 
the thrombosis seems to begin m one of the common iliac arteries It then 
extends upwards, reaching the aorta and hampering the blood flow to the 
opposite side, but without, for a long time, stopping it totally The final result 
is obliteration of both iliacs and aortic bifurcation 

In less frequent instances, the disease is at first on the aorta, and the iliac 
thrombosis is secondary Whatever the beginning, thrombosis finally lies on 
at least 2 or 3 cm of the aorta, and extends to both common iliac arteries, the 
obliteration of which is complete Sometimes, the common iliacs have become 
hard, strmg-hke sticks m which no lumen can be found In some instances, the 
external wall of the artery is smooth and even, but there often exists, around 
the thrombosed aorta, an intensive peri-arteritis which attaches the vessel to 
prevertebral fibrous tissues, encircling the neighboring veins and lymphatic 
ganglia, and reaching the fourth sympathetic ganglion and the chain above 
The aortic wall often bears atheromatous plates \\hich will hinder the com- 
pletion of the operative treatment In such cases, the aortic lumen often con- 
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tains a big moulded, organized clot, which extends upwards in the aortic 
cavity, without adhesion to the mtima in the portion of the vessel above the 
level of the thrombosis 


TREATMENT 

One of us (Leriche) wrote, m 1923, that the ideal treatment of this con- 
dition, would be to resect the obliterated zone, and to bridge the vascular 
defect by graft This could be accomplished if the thrombosis did not always 
strike the iliacs as well as the terminal aorta In the present state of technic 
such an achievement seems impossible 

Neive Supply Reduction Efforts have been made to improve the periph- 
eral circulation, through reduction of vaso-constnctor nerve supply to collat- 
eral ways and to trunks below the obliteration , and an attempt has been 
made to stop the fatal spread of thrombosis, by leinoval of the tluombotic 
zone At the same time, vasoconstrictor impulses which originate in the aortic 
wall and result in vaso-spasm in the still free channels, ought to disappear 
Such a procedure finds its justification m the experiments earned out by one 
of us with his co-worker Strieker in 1933 on dogs ® removal of the aortic 
bifurcation with its branches, with and without concomitant bilateral lumbar 
ganghonectomy The latter condition produced gangrene, while the former 
yielded no severe troubles With this objective in mind, we have pertormed 
bilateral ganghonectomies, and moreover resected the aorta and the obliterated 
lilacs 

Uppei lumbal ganghonectomy Up to 1946, we have practiced the upper 
lumbar ganghonectomy in 14 cases, the lower in five Upper lumbar ganglio- 
nectomy was preferred First, because it seemed desirable to meet as few 
collateral arteries, which should at all costs remain intact, as possible By a 
lateral approach, just underlying the last rib, one usually reaches the sympa- 
thetic chain without destroying any vessel of notable size Second, because, in 
view of nervous action, it seems advisable to operate as high up as possible, 
in order to enlarge the lumbar arteries as well as those of the lower limbs The 
results proved satisfactory in the long run The following case history is an 
example 

Case 1 (summarized) (Leriche) Melv , 35-year-oId male, complains of troubles 
in walking, and sexual impotency (total) for 3 years Claudicatio mtermittens (100 
meters) Examination on June 5, 1936 severe global atrophy of both lower limbs When 
legs raised to the vertical, legs and feet turn ivory white No pulse felt anywhere in the 
lower limbs nor in the iliac fossae, nor on the midline, except above the umbilicus, 
where it is felt very strongly No oscillations (Bouhtte’s apparatus) in the lower third, 
upp&r third of the leg, nor in the thigh Very small oscillations close to Poupart’s liga- 
ment No trophic changes except on nail of left big toe Provisional diagnosis Aortic 
obliteration 

June 13, 1936 Operation Removal of first lumbar ganglion on the right side Pres- 
ence of an important number of large arteries in parietal muscles and in subperitoneal 
space. Owing to this, exposure of splanchnic nerve, which was originally planned, is 
guen up 
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Follow-up Patient out of bed on 3rd day Feels much better on operated side 
Discharged on loth day 

February 15, 1937 Demands to be treated foi left side (same symptoms on left, 
as were formerly felt on right side cramps, cold fingers, small ulcerations around nails) 

February 16, 1937 Operation Removal of ist and 2d lumbar ganglia on left side 
Same operative findings as on opposite side Follow-up Heals per primam 

In January, 1940 Feels well, does not suffer any longer m lower limbs, can walk 
longer But afraid lest he should suffer same trouble m his hands (feels cramps, cold, 
numbness, moderate pain) 

May, 1940 Very good condition, warm feet, good trophicity, walks well Blond 
pressure 170/110 (this probably accounts for the symptoms in his hands) 

Results aie not alw^ays as good as m this case, nevertheless, one can say 
that patients always feel a functional improvement, and that some of them 
lecover their sexual abilities 

The objection to upper lumbar ganghonectomy as the sole operation is 
that ow mg to this high approach, one cannot have a near vision of the aorta, 
nor confirm the diagnosis, nor decide on the possibilities of an aortic resec- 
tion We believe that aortectomy, whenever feasible, ought to be performed 
111 ordei to check the spreading thrombosis, and to suppress arterio-arterial 
vaso-constnctor reflexes A point to be noted is that when the pathologic 
aorta has not been removed, patients often continue to complain of pain in the 
back This does not usually remain after aortic resection and is probably due 
to peri-arteritis 

Having said that, we must acknowledge that the results of the bilateral 
lumbar ganghonectomy are good in the long run, if it is not performed too 
late In addition to Case i, two of our patients, after three years, lead a 
normal life, except that walking ability is 1 educed, though improving year 
after year When this type of operation comes too late, there sometimes 
remains pain m a foot, intermittent pain which does not always hamper pro- 
fessional activities, but often compels the patient to take drugs at night The 
man, who pre-operatively could no longer sleep, and spent his nights m an 
aim-chair, is then able to sleep in bed He often remains liable to nightmares 

— Teiimnal aoftectomy with bilateial lumbar ganghonectomy The elabo- 
rate operation which consists in terminal aortectomy, removal of one lum- 
bar chain, section of the other, the whole being performed through one single 
incision, is sometimes practicable We used it in the following case 

Case 2 (summarized) (Lenche) G M , male, age 61, first seen in July, 1939, 
with the commencement of gangrene in right foot, and very severe bilateral pain 
ClaudtcaHo mtenmttens for several years In 1936, noticed that right small toe became 
alternately white and blue , then, later on, painful at night , then, afflicted with a periungueal 
ulceration A surgeon performed bilateral perifemoral sympathectomj , with subsequent 
suppression of all symptoms, except claudication Improvement lasted for 2 years In 
December, 1938, pain in both feet His surgeon accomplished iterative periarterial sym- 
pathectomy — with subsequent aggravation Left foot remained painful, cyanotic, with 
black spot on 4th toe Exulceration of operative scar 

Examination on Julj’- 8, 1939 Patient in bad condition, tired, but no severe symptoms 
m Mscera BP 180/100 Normal upper limbs Lower limbs Emaciated, cold, cja- 
notic in their low'er part, mostly on left side Torpid ulcer of operative scar on left 
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thigh On the generally bluish color of left leg and foot, one can see four small gan- 
grenous spots On basal articulation of big toe, skin is necrotic, bordered by a torpid ulcer- 
ation All toes are violaceous , the 4th bears on its tip a spot of dry gangrene Foot is icy 
cold, even under blankets Skin is dry and squamous Nails are thick and brittle Neither 
pulse nor oscillations up to the groin Both inner and outer sides of foot, show small 
veins which do not empty on pressure 

Left lower limb shows same alterations, though less advanced Patient declares no 
erection for 10 years, not the least sexual concern 

July 20, 1939 Aortography (under evipan anesthesia) Shows neat block of thoro- 
trast shadow on edge of 3rd lumbar vertebra, from this point, there starts on left side a 
clearly-defined vessel which plunges into pelvis and gets lost there in numerous anasto- 
moses One of these anastomoses (originating on right side), seems to fill the left 
internal iliac artery, and, through it, perhaps the external iliac, as one can perfectly well 
see small branches which seem to belong to the hypogastric system, and inosculate with 
branches from internal aspect of thigh The iliac circumflex is filled up on its whole 
course, and posteriorly, gets linked with two lumber arteries On opposite side, the 
arterial network is less clear, more fragmentary, but of similar type The diagnosis is 
clear, the case seems beyond the possibilities of a bilateral lumbar ganghonectomy , in 
order to try and soothe the pain and stop the extension of the disease, an attempt at 
aortectomy is decided upon 

Operation July 24, 1939 Left iliac incision Dissociation of external oblique muscle 
Section of internal oblique and transverse muscles Subperitoneal approach Easy 
removal of left lumbar sympathetic trunk (from 2nd inclusive to 4th ganglion inclusive) 
Exposition and dissection of terminal aorta, which is surrounded by a very dense peri- 
aortitis It IS obliterated to a length of about 5 cm Once it has been dissected, first from 
sclerous fat, then from the vena cava, it is ligated at about i cm above the beginning of 
thrombosis Crushing the artery with the ligature is very difficult, as one gets the impres- 
sion that the arterial wall will not give way , then, abruptly, the wall collapses and the liga- 
ture IS tied The operator then follows the common iliac artery, carefully separating it 
from veins The common iliac artery is obliterated, the external iliac too, a pulse is felt 
in the internal iliac A ligature is tied just above the bifurcation of the common iliac 
artery The removal of the common iliac (right) is then begun Same findings as on 
opposite side Use of same procedure ligature above bifurcation of common iliac From 
then on, the aortic bifurcation lies between three ligatures Transection of left common 
iliac IS troublesome, because of the presence of a hard calcified plate at this level Section 
is performed just above, the aorta is also cut across, and the whole is retracted upwards 
and overturned to the right, in order to separate the right common iliac artery from the 
vein Finally, section of right common iliac All this has been done without the slightest 
bleeding The right sympathetic chain is then looked for It seems impossible to progress 
on the external aspect of the vena cava, owing to a large collateral which lies there One 
passes under the vena cava, going from the midhne to the external side of the column 
Section of the chain Local hemorrhage (stopped by muscle plug) prevents removal of 
4th ganglion Parietal closure without drainage 
Max B P Initial 180, terminal 170 

On removing patient from table Both legs very warm , right foot warm , left foot 
warm, except on toes, which are cold 

Same findings on evening of operation , toes move 
On following day Same condition, but patient slightly listless 
Right foot Normal temperature and color, no pain 
Left foot Cyanosis extends Amputation is certainly necessary 
August 6, 1939 Amputation at upper third of thigh Almost no bleeding from 
muscles Artery and vein are thrombotic Presence of many small vessels in posterior 
muscles 
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Dissection of specimen artery and vein, femoral and popliteal, are obliterated Micro- 
scopic study (Pr Gery, Strasbourg) “On the whole, arteries offer a picture of slow 
chronic endarteritis, the higher located, the more important and the more irregular The 
muscular wall is affected with widespread sclerosis, mostly on big trunks No media- 
verkalkung Larger veins Recent thrombo-phlebitis (from lo- to iS-day old) It is less 
and less advanced as one progresses distally Smaller veins chronic vegetating endo- 
phlebitis m numerous points Sciatic nerve no changes, no sclerosis ” 

Follow-up slow evolution of the amputation wound, as is the rule in such cases No 
inflammatory reaction, no infection At the end of August 1939, healing had hardly begun 

Owing to war, to the evacuation of the hospitals of Strasbourg, and to subsequent 
events, we do not know wbat has become of this patient From our point of view, this 
does not alter the fact, that circulation m the right lower limb was considerably improved 
by aortectomy, with preservation of leg and foot on this side 

Such an aortectomy with bilateral sympathectomy, has been accomplished 
a number of times since this case Cid Dos Santos m Lisbon had a patient 
who healed very easily, and, one year later, remained in excellent health 
Delannoy operated upon a 41-year-old woman m the first stage left lumbar 
ganghonectomy , in the second stage, transperitoneal aortectomy, very good 
result three years later, she could do her shopping herself, and even occa- 
sionally “enjoy a short run 

One of us used a slightly different technique in his first case 

Case 3 (summarized) (MoreF^) Per , male, age 26, a truck driver Past 
history irrelevant Very good health First trouble two years ago suffered from 
“cramps” in legs, on walking and running , was treated by family doctor, for “sciatica ” 
Suffered very intensely in both legs, could not sleep for nearly three months 

Present condition Running is impossible Walking for a few hundred metres is 
stopped by very painful cramps Feels cold in the legs, even m bed Pain at night For 
past few weeks inability to reach a complete erection, coition hardly possible, ejacula- 
tion “unsatisfactory” Examination on February, the 12th, 1942 general condition seems 
good Both feet are cold, toes are marble-white (patient states they are such at any 
time, and this is one of his major concerns) No abnormal perspiration The anterior 
tibial, posterior tibial, popliteal and femoral pulses, not found, on either side Subjective 
symptoms more severe on the left In the upper extremities the left radial pulse is 
better felt, and stronger, than the right Oscillometry no oscillations at all m the legs , 
very minute oscillations m both thighs Blood pressure (left arm) 150/70 Normal 
heart No neurologic symptoms 

Diagnosis Juvenile arteritis thrombosans, with probability of obliteration of the 
aortic bifurcation 

February 16, 1942 Left lumbar sympathetic block — (nupercaine) — immediate 
warmth of foot, leg and thigh Feeling of warmth present for two days During these 
two days, can ride a bicycle with much rarer cramps No sexual improvement 

February 20, 1942 Left lumbar block (nupercaine) progressive warming-up of 
originally marble-white foot, which becomes red (ist and 2nd toes last of all) Feels 
better for one day 

February 23, 1942 Right lumbar block (nupercaine) apparently no immediate 
action, 20 minutes later, foot becomes very warm, and remains normal for two days 

March 5, 1942 Opoahon Spinal anesthesia (nupercaine) Left iliac incision (sub- 
peritoneal approach) The sj^mpathetic chain is very thin, but clearly recognizable 
Resection on 4 cms Dissection of the left common iliac artery^, which looks abnormal, 
surrounded by a dense, reddish, adhesive cellulitis No pulse seen nor felt No blood 
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on puncture The artery is very much like a big, solid rope-like structure It is then 
resected (as high-up as possible towards the bifurcation) In the specimen broivn-red 
adherent clot, thick walls, yellowish, brittle inner layer) Parietal closure layer by 
layer 

Follow-up Warm limb immediately following operation (objective and subjective 
warmth) Patient leaves Clinic on 13th day 

In the beginning short walks , perfect result on operated side no more cramps 
Then, with longer walks, feels cramps again, but less severe than before operation 
Above all, sexual condition much better Coition possible 

May 2, 1942 Patient seen in consultation with Prof Leriche On this particular 
occasion (cold weather) left foot (operated side) is cold, right is icy Pr Leriche 
advises same procedure to be followed on opposite side 

May 4, 1942 Operation (Morel) Spinal anesthesia Same approach as before, but 
on right side Easier dissection than on left side (cellulous adhesions less dense and less 
troublesome) Right lumbar chain is resected on 5 cm Then, the external iliac artery is 
founfl — a painstaking procedure, as it is a dry, rigid cord, about the size of a vas deferens 
Distal section as low-down as possible, upwards dissection, liberation of bifurcation of 
the common iliac artery The internal iliac seems to be thrombotic too, but, 2 or 3 
seconds after it has been cut through, a se\ere bleeding occurs through its peripheral 
stump Digital compression on pelvic margin for a few minutes, then quick seizure of 
stump with forceps, and ligature Common iliac artery is then dissected about 3 cm , 
ligated as high as possible, and resected Abdominal wall closed by layers 

Follow-up Back home on 12th day 

August, 1942 Though all symptoms have not subsided, patient feels satisfied with 
present result First of all, he can enjoy a very active life does his job and drives a 
truck for most of the day , can walk about around his truck during loading and unload- 
ing Circulation better or worse, following rest or fatigue, but, on the whole, he feels 
much better than before operations Sleeps well, neither pain nor cramps in bed On exer- 
tion, feels from time to time cramps in the calves, but they are milder and of much 
shorter duration than before He states that sometimes, when walking is stopped because 
of a cramp, if he stops for a while, he is then able to resume his walk, with the feeling 
that he could go for miles without getting tired Psychic condition much better But 
the greatest improvement lies in the sexual abilities the erection is readily obtained and 
kept , coition is normally accomplished, as it was before the onset of the disease Potency 
but slightly diminished 

Evainination Both lower limbs are warm, feet are rosy No abnormal sweating 

January, 1943 Patient gets married 

July, 1944 the couple has a child 

In January, 1946, patient states his good condition has undergone no change Works 
very hard 

Pathology of specimen of left artery (Pr J F Martin, Lyon) “Endarteritis 
thrombosans with no specific histologic findings” 

This IS a very safe procedure The surgeon does not run the risk of a 
painstaking cleavage of a very adherent aorta, with subsequent severe shock 
But, on the whole, when feasible, removal of the pathologic aorta is preferable 
Such an operation was performed in the following case, with an excellent 
result 

Case 4 (summarized) (Frieh S. Andre Morel)'' Vou , 43-year-old male, a 
solicitor, IS first seen on December 22 , 1943, complaining of severe impairment of walk- 
ing Past history, irrelevant Moderate drinking habit Smokes heavily 
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Since I 3 ear, claudicatio nitermittciis, winch becomes more and more severe (During 
winter preceding onset of disease, noticed that feet w’ere usually cold though that winter 
W'as mild) At present, cannot w’alk more than loo metres, without feeling a cramp 

Patient consults Dr Gallavardm m Lyon, wdio diagnoses an arteritis of the low'er 
limbs (April, 1943), and notes “no pulses in dorsalis pedis and posterior tibial arteries, 
pulse hardl} percenable at the groin Oscillometry maximal oscillations right ankle, 
2 — left ankle of a dnision — right thigh 3 divisions, left thigh division Dr 
Galla\ardin notes on December, the 17th, 1943 “condition has become worse, no pulses 
felt in either low er limb ” 

Patient first examined bj Dr Frieh on December, the 22nd, 1943 no pulses at all 
in both low'er limbs aortic pulse, felt at the umbilicus 

Oscillomcliy No oscillations at all Both feet are white and cold When put in 
dependent position, color is restored, but remains for several minutes even with feet 
raised abo\e the horizontal No pain, no trophic changes 

Sexual actiMtj, reduced to nought Diagnosis probable obliteration of the aortic 
bifurcation 

January 7, 1944 Opciation Dr Frieh, Dr Morel Local anesthesia (procaine) 
Iliac approach (left side) The left iliac artery is exposed subperitoneallj’^ peritoneum 
IS dissected up to the aortic bifurcation Exposure and dissection of the vessels are 
difficult, ow'ing to adherent lymphatic channels and small veins The external iliac artery 
IS ligated distallj and cut through , then its posterior aspect is freed, a maneuver which 
leads to the internal iliac (obliterated) , w'hich after dissection of 2 cm , is ligated and 
cut through The common iliac artery is then freed upwards, the aortic bifurcation -is 
exposed, and freed of posterior adhesions Same procedure is applied to the right common 
iliac artery, which is ligated distally as far as possible, and cut The aortic bifurcation 
does not “beat”, a ligature is drawm just above, and tied A transverse section of the 
aorta is then performed just below the ligature (section through a very adherent clot) 
No bleeding at all The last two ganglia of the left sympathetic trunk are removed, a 
dram is left m the vascular bed 

Follozv-up Uneventful recovery, foot w^arm on evening of operation, remains such 
on following dajs On the 15th day, patient declares he has recovered his sexual abilities 

March, 1944 Operation Ether anesthesia Right lumbar ganglionectomy Quick 
recoverj 

September 28, 1945 Patient m very good condition, lower limbs are warm, claudi- 
catio mtermittens still exists , but cramps appear only after 300 meters Good strength of 
low'er limbs Considerable exertion possible, provided it be of short duration Patient has 
resumed all his professional activities Sexual abilities normal 

We have used a procedure of this type many times since (Leriche), and 
we are very satisfied with it 

Let us now try and see how the different types of operations should 
be used 


THERAPY INDICATIONS 

The scheme we are trying to outline is not meant to represent the ultimate 
truth Our experience to date is of some value, as one of us happens to be 
among the men who have seen and treated the greatest number of patients 
afflicted with this too-little-known syndrome No doubt our ideas will be 
subject to change, as they have already gradually changed since the first of 
our cases But, at present, this is how’^ we see the problem 
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Indications should be outlined in particular according to anatomical and 
clinical data in every case Schematically speaking, patients can be divided m 
three groups 

1 Good Cases Patients who are still young, whose symptoms are essen- 
tially functional fatigability of the lower limbs, disturbance of tbermo-reg- 
ulation thereof, genital troubles which are the more noticeable since they 
appear m full youth , obliteration of the bifurcation as demonstrated by clinical 
and oscillometric examination Yet the tissue changes in the ischemic lunbs, 
are still at their beginning one could say they are liable to revert to the 
normal At operation, the surgeon will find an easily cleavable aorta The 
procedure will be completed without trouble on a good-risk patient 

Our opinion is that, in such instances, the surgeon should not hesitate 
If everything seems suitable, after careful premedication, and, if judged advis- 
able after a series of lumbar procaine blocks, the ideal operation will be pre- 
ferred — through left subperitoneal iliac approach, dissection of external, inter- 
nal and common iliac arteries, freeing of the bifurcation, and removal, in one 
piece, of the whole aortic bifurcation and of its obliterated subsequent branches 
Removal of the left lumbar sympathetic chain Depending upon each case, 
but depending mostly upon the abdominal bulk and general condition of the 
subject, the operator will merely perform the section of the right lumbar 
chain, just above the pelvic margin, or, if the right lumbar chain is left intact 
m this first stage because of the difficulties of its approach, a few days later, 
the right lumbar ganghonectomy will be performed through a right, subperi- 
toneal iliac approach 

Thus, the maximum chance of immediate and long term improvement 
will have been gn’^en the patient, m a very short time 

Such a procedure is usually very well tolerated If gently and methodically 
carried out, under spinal anesthesia, which greatly helps to retract the abdom- 
inal muscles and gives a perfect relaxation, it will be followed by a simple and 
uneventful recovery m these cases, which — and we stress this point — are 
good cases 

2 Medium Cases Patients are seen or diagnosed later m life tired, thin 
subjects, whose circulation in the lower limbs is bordering on ischemia, 
patients aged over 40 and whose low^er limbs begin to show”- trophic troubles, 
moderate but significant for the expert eye meagre, marble-like feet, whose 
veins appear m hollow, small periungueal ulcerations, important callosities 
of the sole, striking atrophy of the muscles of the lower limbs Blood urea 
rate is often a little above the normal, though the urinary output seems little 
affected 

In these cases, at operation the iliac arteries will be found to be embedded 
in a dense peri-aortitis, of wdiich it wull be very difficult to rid them The 
bifurcation, above all, is stuck to the vertebral column, narrowly adherent to 
the A'^ena cava In these instances, considerable risk attends the complete free- 
ing of the vessels and the removal of the thrombotic zone, i e danger of a 
vascular tear causing hemorrhage wffiich it is impossible to check in a deep 
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wound containing fi agile tissues, which bieak undei the forceps, oi dangei 
of severe post-operative shock, which sometimes causes death, whatevei the 
treatment 

In these cases, we should advise the operation which, without severe risk, 
usually ensures a remarkable functional impiovement m a first stage, by a 
high-located incision (underlying the 12th rib, without resection of the nb, 
vhich IS not necessaiy), removal of the ist and 2nd right lumbar ganglia A 
few days later, large left iliac appioach (subperitoneal), and as extensive 
removal as possible, of the left lumbai chain (at least 31 d and 4th ganglia) 
At this moment, it will be easy to expose the vessels , perhaps the “ideal” 
aortectoiny vill be feasible, but if this entails a risk, it will be deliberately 
abandoned If the dissection of the external and internal iliac arteries seems 
easy, they can be lesected on the left side But, again, if the least difficulty is 
encountered in these fragile patients, the surgeon will remember that the 
margin is narrow, between the successful operation, and a disastrous failure 
Above all, one must insist on the important point the action on the sympa- 
thetic inner\fation 

3 Poor Cases Patients nearing 60, or adults seen in an advanced stage , 
patients emaciated through several months’ suffering and insomnia , pale, list- 
less at times And especially patients who bear lesions of gangrene or pre- 
gangrene, such as those we described above Such patients are dreadfully 
fragile A careful medical preparation will be more than ever necessary, as 
well as a minute local treatment of the lower limbs in order to clean the ulcer- 
ations, to induce a subsidence of the lymphangitic processes, before any oper- 
ation IS attempted At the time of operation, local anesthesia should be pre- 
ferred, combined with a slow, atraumatic technic and a careful hemostasis 
Following operation, rehydration, fulfillment of the metabolic needs of these 
subjects whose balance is always uncertain, are very necessary And, some- 
times, one will succeed in dragging back^to life patients who seemed near 
their end 

What can be done with such patients^ The great point is to divide the 
operative stages as much as possible firstly, one should perform, on the side 
where the gangrene threatens most, a lumbar ganglionectomy through a high 
approach (m this way, one passes as far as possible from the dangerous zone 
and from the infected lymphatic ways) , m a second stage, the opposite chain 
Will be removed If the condition of the patient improves sufficiently, it may 
be possible to use an iliac (low) incision and to perform at the same time the 
removal of the common iliac artery Later on, this piocedure will perhaps be 
feasible on the opposite side Amputation of the definitive lesions of the 
extremities will thus be postponed as long as possible, the sympathetic and 
arterial operations will have improved the blood supply of the future ampu- 
tation flaps , thus it will be possible to amputate at a lower site, than would 
ha\e been practicable in the beginning Healing will be infinitely better and 
quicker When actual gangrene is present, amputation, preceded or followed 
by a lumbar sympathetic ganglionectomy, sometimes ensures a long survival 
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A man, operated upon in 1932 (Lenche) (bilateral amputation at the thigh), 
still runs a garage, wheeling himself about m a special cai Another one, 
who underwent amputation on one side in 1939, had to be amputated on the 
other in 1947 (lumbar ganglionectomy had been unilateral) 

On the whole, m instances so diflferent, there should be no single way of 
proceeding, even if the general principles of therapy, as at present conceived, 
remain unaltered These are ist, to improve the circulatory and trophic 
conditions, through distant sympathetic actions , and, secondly, to remove, 
whenever possible, the vascular lesions which are the origin of untimely path- 
ologic reflexes 

Of the groups of patients which we have just endeavored to describe, one 
should remember that it is time w'hich created them, time elapsed since the 
onset of symptoms, tune lost m using minor therapeutic procedures or in over- 
looking the diagnosis The syndrome is sufficiently clear-cut, to ensure an 
early accurate diagnosis, wdiich allow's an easy operation and an excellent cure 
The study of all our cases leads us to the conclusion that, the earlier the nec- 
essary operation is performed, the better the results 

As regards the cases in w'hich the pathologist discovers a thrombo-angiitic 
origin, we feel more and more inclined to advise the performance of an 
adrenalectomy m addition to the aforesaid therapeutic measures Adrenalec- 
tomy slow's dow'n or stops the progress of the disease It is, as a rule, followed 
by an improvement in the general condition of the patient, with subsidence of 
the erratic pain wdiich often teases those w'ho underwent a plain gangh- 
onectomy 

Conti amdications In view' of the choice of the operation, let us insist on 
some contraindications, w'hich are veiy important, because of the fragility of 
such patients 

— During the operation, no ligature should be tried nor trusted, on easily- 
breakable aortas, of the “chicken’s trachea-type” no safety can be expected 
from this sort of vessel, and it is better to leaA'e the thrombotic part untouched, 
without attempting any resection 

— No attempt should be made to remoA'e the pathologic zone wdien theie 
exists too dense a peri-aortitis , attempts at dissection “at all costs” often give 
birth to severe shocks 

— No operation should be undei taken in cases seen veiy late emaciated, 
dehydrated listless patients, wdio wnll not stand anything, and wdio are doomed 
to die, w'hatever the treatment 


TECHNICAL DATA 

Incisions When we say High incision, we mean the type of incision w'C 
use for the surgery of the lumbar sympathetic ganglia, of the splanchnic 
ner\'e and of the adrenal (Lenche) The patient is disposed just as for an 
urologic lombotomy, the incision underlies the 12th rib and is parallel to it 
cutting across the flank The muscles are cut or dissociated (transverse) , the 
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peritoneum is cleaved and leti acted foiwaid, and the lumbai chain is exposed 
111 the bottom of the wound 

The Lotv incision is that desciibed by one of us with his associate 
Fontaine (Pi esse Medicale, Pans, 1933, No 92) curved incision, oblique 
inwards and dowmw'ards, neaiing the iliac spine by two thumbs’ breadth 
Aponeuiotic and musculai sections as in a MacBurney’s incision, except that 
inteinal oblique and tiansverse aie cut acioss after they have been carefully 
sepal ated tiom the underl}mg fascia The fascia will then leadily be incised 
without opening the peiitoiieum, wdiich is dissected fiom the internal iliac 
fossa and retracted tow aids the midline 

For both these incisions, broad and curved retiactois are necessary, w^e 
also advise the use, m addition to the scialytic light, of a portable projectoi. 
or spotlight, with parallel laA's, which should be placed behind the operatoi s 
right shouldei, and which ensures a perfect vision of the deep planes 

Hemostasis of the Aoitic Section It seems best to insert, if possible in a 
noimal zone above the thiombosis, or, if not, thiough the thrombotic zone, a 
sturd} braided silk ligature, which, for some time, wall not slip Undei covei 
of this ligature, a continuous suture of the aortic section with a curved 
atraumatic “intestinal’’ needle (same as foi the closure of a duodenal stump 
in gastrectomy) wall be accomplished wath fine silk, and then a second con- 
tinuous suture hiding the fii st row', in ordei to suppress all chance of leakage 
It is, ot com se, advisable to remove, aftei ligature and section of the aorta, the 
crushed clot w'liich appears m its lumen and wdiich w'ould hamper the com- 
pletion of the suturing process 

Hemostasis of the section of the ihacs We insist upon the importance of 
ahvays ligaturing a big vessel before its section, even if this vessel seems to be 
completely thrombotic and to no longer possess a lumen In our Case 3, the 
distal end of the internal iliac was thus the origin of an hemorrhage which 
could have been fatal We think that strong braided silk is the choice material 
for such a step 

SUIVIMARY 

1 A new pathologic syndrome, first described m 1940 (Leriche) is 
depicted, and special emphasis put on its clinical features 

2 The evolution thereof is usually veiy severe, and operative measures 
should be preferred for its treatment 

3 Case reports illustrate the possible therapeutic measures 

4 Indications and contraindications in the treatment are discussed 
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OF SURGERT THE TALE UNIVERSITT SCHOOL OF MEDICINE NEW HAVEN CONN AIDED IN PART BT A 
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It has long been recognized that the ideal method of treating aneurysms 
and arteriovenous fistulae involving important arteries is the extirpation of 
the lesion combined with some piocedure which permits maintenance or 
reestablishment of the continuity of the affected artery Although steady 
progress has been made experimentally in methods of suturing arteries, 
especially during the past half century, and although these methods have 
occasionally been used m patients, until recent years it has been the general 
feeling that such procedures v ere f i aught with too great danger to make their 
use advisable m the surgery of aneurysms and fistulas m man 

The lateral closure of a wound of an arteiy by ligation antedates the 
experimental approach to the problem of vascular suture ^ Nevertheless, the 
principles which underly vascular repair, the precautions which must be 
observed, the hazards which are entailed, and the methods which are 
applicable were first established by experimental investigations A number 
of authors, notably Watts,'^ Guthrie,^ Horsley,^ and Matas,^ have reviewed 
these contributions In their papers one can find reference to those who 
have played an important part m this development — ^Asman, Gluck, v Horoch, 
Jassinowsky, Burci, Heidenham, Murphy, Silberberg, Napalkow, Dorfler, 
Salvia, Clermont, Dorrance, Abbe, Jaboulay and Brian, Payr, Bougie, Sali- 
nari and Virdia, Thomaselh, Saloinoni, Jensen, Amberg, Hubbard, De Gae- 
tano, Remsholm, Garre, Exner, Hopfner, Carrel, Guthrie, and others Interest 
in the problem of experimental vascular repair has not waned and m recent 
years numerous papers have appeared describing these efforts Among the 
recent contributions the demonstration by Murray® that anticoagulants are 
helpful in preventing thrombosis is particularly noteworthy Of all those 
interested in vascular surgery, the name of CarreF will always be held m 
especial esteem for, though excellent work had been done previously, his 
beautifully performed experiments, and those of his associates, did more than 
anything else to revive and maintain interest in the use of these methods 
Without minimizing the prime importance of these experimental studies, 
one is glad to give due credit to those who first applied the technics of arterial 

Presented before the Society of Clinical Surgery, Baltimore, Md , November 
I, 1946 
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suture in man In i759> Hallowell, following the suggestion of Lambert/ 
closed a small wound of the brachial artery by placing a pm through its mar- 
gins, elevating the lacerated area, and tying a ligature about it According 
to Hopfner,® and to Matas,"" the first successful lateral arteriorrhaphy in man 
after Hallowell’s case was performed by Postempski, in 1886, when this 
surgeon succeeded in closing the rent in the femoral artery which he had 
accidentally made m draining an abscess Reports of other successful instances 
of lateral suture followed, and, by 1903, Hopfner was able to collect 30 
reported cases ® 

The first end-to-end suture of an artery in man was reported in 1897 by 
Murph}^,'^ who, m a traumatic arteriovenous fistula, closed the small wound 
of the vein, resected the damaged portion of the artery, and accomplished a 
successful end-to-end anastomosis by invaginating the proximal into the distal 
segment Two additional successful operations utilizing Murphy’s method 
were reported the same year by Pascha Thus, the first end-to-end sutures 
of arteries m man were done by means of the invagination technic of Murphy 
Subsequently it became apparent that direct approximation of the divided 
ends of the arter}^ was a superior method 

Not many years after the demonstration of Carrel, and his associates, 
that arterial defects could be successfully bridged by means of a vein trans- 
plant, this method was applied m a patient In 1906, Goyanes^^ treated a 
luetic popliteal aneurysm by proximal and distal ligation and reestablished 
blood flow by anastomosing the femoral artery to the distal end of the divided 
femoral vein and the proximal end of the divided popliteal vein to the distal 
segment of the popliteal artery Good circulation through the venous segment 
and into the popliteal artery was observed The foot maintained good circu- 
lation and a feeble dorsal pedal and posterior tibial pulse persisted during the 
six-day period of observation In 1907, Lexer^^ reported the case of a mar 
with a traumatic axillary aneurysm resulting from the unfortunate efforts of 
a surgeon to reduce a dislocation of the shoulder, in which he excised the 
aneurysm and sutured a segment of saphenous vein into the arterial defect 
The patient died of delirium tremens on the 5th postoperative day Autopsy 
demonstrated the patency of the vein graft and of the brachial artery Lexer 
subsequently used this procedure m a few other cases In 1916, Bernheiin 
reported the first successful case m the American literature He used a 
vein graft to bridge a defect in the popliteal artery following excision of a 
luetic aneurysm 

In discussing Bernheim’s paper, Halsted agreed that this was the ideal 
method of treatment and felt that the indications for it had been clear-cut in 
this case and the result excellent He referred, however, to a case in which 
SIX years previously he had asked Bernheim to carry out a vein transplantation 
after he had unavoidably sacrificed a segment of the popliteal artery in the 
course of excision of a sarcoma In this instance thrombosis in the vein seg- 
ment had occurred He stated “The most serious objection to the ideal or 
■V em-grafting operation is perhaps this that in case of failure the thrombosis 
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which staits in the giatt ma} extend eithei centially or pei ipherally, or in 
both diiections, fioin the inteipolated vein into the aitery and, thus, involve 
impoitant anastomotic blanches vhich would not have been threatened with 
occlusion if the arteiy had been meiel} ligated, or the sac merely excised or 
plicated Tlie tiansplanted vein is, consequently, a menace, for in at least two- 
thuds of tlie cases in which the ‘ideal opeiation’ has been practiced, thrombosis 
has occuiied in the inseit” To be suie, the hazard of thrombosis appeared 
to be gi eater after vein tiansplantation than aftei end-to-end sutuie oi lateral 
arteriorrhaphy Nevertheless, these remaiks of Halsted, one of the most 
courageous of surgeons, and one who was vitally interested in experimental 
and clinical problems of vasculai suigeiy, probably typify the skepticism wdiich 
has existed as to the justifiabiht}^ of such measures Consequently, although 
the total number of clinical cases in which some type of reparative procedure 
has been pei formed has iisen to a considerable figuie, the method has been 
applied with relative infiequenc}’’ 

I believe that it wull be -worth while to review my personal experiences 
iMth leparative measures in aneurysms and arteriovenous fistulae, because 
they confirm the geneial usefulness and reliability of these methods, emphasize 
certain difficulties in then application and certain causes of failure, and par- 
ticularly because they demonstrate that the resolution of the surgeon to pre- 
serve the contmuit} of the aitery ivhenever possible is the chief factor which 
determines the frequency wuth wdnch such procedures will be carried out 

CLINICAL ]UATEEIAL“aND RESULTS 

My experience with surgical treatment of aneurysms and arteriovenous 
fistulae includes about 300 cases In a few aneurysms of the aorta or origin 
of the innominate arter}'-, wnnng and coagulation proved the only feasible 
method In one innominate aneurysm and in 290 other lesions of peripheral 
arteries the more classical surgical means of extirpation were utilized This 
report deals specifically with 34 cases in which some type of reparative pro- 
cedure was accomplished It does not include a number of other cases in which 
such proceduies w^ere considered and started but were abandoned because of 
various circumstances 


CRITERIA FOR SELECTION OF CASES 

The criteria for the selection of suitable cases can be divided into two 
periods In the beginning it was my practice to exclude all cases except those 
in which I could be relatively certain that normal arterial structures could be 
utilized and in which it appealed likely that the procedure could be accom- 
plished without undue difficulty If only the cases are considered in which the 
lesion involved those arteiies upon which the mam blood supply to a part is 
dependent and in which repaii is most desirable — the innominate, common 
and extracranial portion of the internal carotid, subclavian, axillary, brachial, 
mac, common femoral, femoral, and popliteal — I find that I performed only 
our reparative procedures in 138 such cases (29 per cent) I then deter- 
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mined to carry out a repair in every instance in which this could possibly be 
performed without sacrificing collateral arteries and without leaving m situ 
obviously badly damaged portions of arteries This altered approach resulted 
in the repair of arteries in 30 of the last 57 cases (52 6 per cent) Included 
were a small number of cases in which the outcome of the procedure appeared 
questionable to me at the time of operation because of the degree of local 
damage or the presence of infection, as will be pointed out later, this group 
includes practically all of the failures Repair was undertaken in these 
instances in the hope that some might be successful and in an effort to test 
the limits of applicability of such methods I did not fear difficulty from 
extension of any thrombus which might occur because of the excellence of 
the collateral circulation 

Although I believe that the attitude of the surgeon is of paramount impor- 
tance in the application of reparative procedures to the surgery of aneurysms 
and fistulae, the anatomic situation which one finds at operation often pre- 
cludes such measures In the first place, there may be thrombosis of the distal 
artery This occurrence has made impossible any arterial repair m a number 
of my cases I presume that very extensive arterial obliterative disease will 
sometimes make such procedures impossible Since most of my cases have 
been traumatic in nature, this factor has not been important In one case of 
rather extensive medionecrosis of the popliteal artery a successful vein graft 
was performed In traumatic lesions extensive damage to the artery is often 
a determining factor in preventing the restoration of continuity, at least by the 
simpler means such as lateral arteriorrhaphy or end-to-end anastomosis In 
contrast to the limited injury to the artery which is the rule when aneurysms 
or fistulae have resulted from stab wounds, for example, there is generally 
extensive injury when these lesions have resulted from shell fragments, land 
mines, or bullets, as was the case in almost all of my patients There is fre- 
quently gross and much more often microscopic injury to the artery, not only 
m the immediate neighborhood of the aneurysm or fistula but some distance 
from It Whether the damage which is evident only on microscopic exam- 
ination IS a real threat to successful arterial repair, only further experience 
will tell In the cases of arteriovenous fistula the simpler means of repair, 
such as ligation or transfixion of the fistula, lateral suture, or end-to-end ana- 
stomosis, often cannot be applied because of the extent of local trauma In 
my experience the majority of the arteriovenous communications were not 
simple fistulae but were associated with one or several saccular aneurysms 
as well Sometimes these saccular aneurysms arose from the veins or from 
the fistula itself, but many of them originated in the artery Obviously, m 
the latter cases a segment of artery must be excised and, unless the ends can 
be so mobilized that they can be approximated, the only means of restoring 
continuity is by a vein transplant 

A very common finding which has made it seem unwise to perform an 
end-to-end suture or a vein graft, has been the presence of some important 
collateral artery so near the end of the undamaged portion of the vessel that 
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It would have had to be sacrificed in order to make such a repair possible 
Except for the rare cases where the local situation makes it evident that con- 
tinuity of the artery can be safely maintained by some simpler procedure, such 
as ligation or transfixion of a fistula, it seems clear that definitive surgery 
should not be attempted unless there is good evidence that the collateral circu- 
lation IS satisfactor}^ Knowing that the collateral circulation was apparently 
adequate and that it depended m part upon these collateral vessels to which I 





Fig I — Methods of Repair of Arterial Defect in Arteriovenous 
Fistula 

(A) The fistula has been ligated with silk at its origin from 
the artery A transfixing ligature is next placed 

(B) The vein has been divided above and below the fistula 
and the ends transfixed. The cuff of vein will now be plicated 
so as to reinforce the ligated fistula 

(C) Method of lateral suture A cuff of vein is left attached 
The suture is accomplished with interrupted mattress sutures 


have referred, I have felt it unwise to sacrifice any of them I did not reex- 
amine the collateral circulation with these collateral arteries temporarily oc- 
cluded, a procedure which I feel, in retrospect, might have made repair of the 
artery justifiable in a number of cases in which it was not attempted I have 
not felt that associated nerve lesions requiring suture were a contraindication 
to arterial repair. In these cases the nerves have been dissected free, the 
aneurysm or fistula has been excised completely or subtotally, and the arterial 
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repair accomplished Following this procedure the necessary nerve suture has 
been performed 

METHODS OF REPAIR 

In the present senes of cases four types of repair have been carried out — 
ligation or transfixion of the fistula, lateral arteriorrhaphy, end-to-end suture, 
and vein transplantation In one instance an arteriovenous fistula was simply 
ligated and transfixed In others the fistula was ligated, transfixed, and but- 
tressed with a segment of the divided vein (Fig i, A and B) In cases of 
lateral suture the freshened edges of the rent have been stripped of adventitia 
and approximated with interrupted mattress sutures (Fig 2) In performing 



Fig 2 — Method of Lateral Arteriorrhaphy The edges of the defect 
are approximated with everting mattress sutures 


lateral suture m cases of arteriovenous fistulae a cuff of vein has been left 
(Fig I, C) and this has been used to reinforce the closure In end-to-end 
sutures four evenly spaced mattress sutures have been placed and have been 
used as traction sutures for the placing of other everting mattress sutures in 
order to complete the anastomosis (Fig 3) A similar technic w'as used in 
vein grafts (Fig 4) The segment of vein w'as reversed so that the proximal 
end of the vein w^as sutured to the distal end of the artery and vice veisa, thus 
guarding against difficulty wnth any valves which might be present m the 
insert In all types of repair the adventitia was carefully stripped off and the 
vessels were w^ashed out with saline and kept moist wnth liquid petrolatum or 
saline solution Rubber-shod sei rafine artery clamps w ere used for temporary 
occlusion of the vessels Fine straight or curved artery needles were employed 
Since silk sutures w^ere not available. No 120 cotton sutures were used This 
suture material is about as fine as No 5 zero silk When vein grafts were used 
the venous segment was excised from an accessible vein of suitable caliber In 
cases of arteriovenous fistula in which a ligation of the fistula was not per- 
formed the affected segment of artery and vein, together with the fistula, was 
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Fig 3 — End-to-end Suture Four mattress sutures 
are placed through the ends of the vessels at equidistant 
parts Traction upon these converts the cylindrical ends 
of the vessels into a square, with the intima everted 
Closure is completed with additional interrupted mattress 
sutures 



Fig 4 — ^Vein Transplantation The vein has been sutured with 
interrupted mattress sutures to the distal end of the artery Suture to 
the proximal end of the artery has been started 
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excised Some of the arterial aneurysms were completely excised In some, 
the sac was opened after dissection and temporary occlusion of the artery 
proximal and distal to the aneurysm, following which the sac was completely 
or subtotally resected All involved peripheral nerves were freed and identified 
before excision of the sac wall 

Anticoagulants nere used in most cases of lateral sutuie, end-to-end suture, 
and vein graft Except m those instances in which an adequate prothrombin 


Table 

I — 

■Cases of Aitcrtovciious Fistula Treated by Ligation and Transfixion of the 

Fistula 


Age 

Dura- 
tion of 


Pre-op- 

erative 

Estimated 
Diam- 
eter of 

Anti- 

coag- 

Period 
of Post- 
operative 


Case 

of 

Lesion 

Location 

Sympa- 

Fistula^ 

ulant 

Follow-up 


No 

Patient in Mos 

of Lesion 

thectomy 

in Mm 

Therapy 

in Mos 

Result 

1 

36 

9 

Carotid at 
bifurcation 

0 

3 

0 

1 5 

Excellent 

2 

31 

4 

Common 

carotid 

0 

10 

0 

1 

Excellent 

3 

22 

4 5 

Common 

carotid 

0 

S 

0 

1 

Excellent 

4 

26 

9 

Popliteal 
middle 3rd 

+ 

7 

0 

4 

Excellent except for 
slight anUe edema 

5 

35 

9 

Popliteal 
middle 3rd 

+ 

5 

0 

1 

Excellent 

6 

19 

6 

Popliteal 
distal 3rd 

+ 

6 

+ 

2 

Excellent except for 
slight ankle edema 

7 

45 

10 

Popliteal 
middle 3rd 

+ 

5 

0 

1 

Excellent 

8 

20 

9 

Femoral 
middle 3rd 

-1- 

5 

+ 

1 

Excellent 

9 

27 

11 

Femoral 
proximal 3rd 

+ 

8 

0 

1 

Excellent 

10 

25 

6 

Femoral 
proximal 3rd 

0 

4 

+ 

1 

Excellent 

11 

32 

7 

Femoral 
proximal 3rd 

+ 

5 

0 

1 

Excellent 

12 

23 

7 

Femoral 
proximal 3rd 

+ 

3 

0 

1 5 

Excellent 

13 

21 

4 5 

Axillary 
distal 3rd 

0 

3 

0 

1 

Fistula recurred in 2 
da>s Excised 2 weeks 
later withgood result 


level had been obtained by preoperative administration of dicumarol, 50 mg 
of heparin was given intravenously as soon as the decision to attempt repair 
was made, and was continued at intervals of four hours until a suitable response 
had been obtained from dicumarol In the majority of cases dicumarol was 
continued for three weeks Often a small amount of fibrin foam was placed 
in the wound This seems to help in hemostasis and does not jeopardize the 
vascular suture The use of anticoagulants is discussed m detail in another 
paper 

In some cases, sympathectomy had been performed before operation in an 
effort to increase the efficiency of the collateral circulation 
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RESULTS 

The essential data are summarized in Tables I to IV. In these tables the 
cases have been segregated according to the method of repair employed In 
Table I are listed 13 cases in which the fistula was ligated and transfixed and 
the continuity of the artery maintained In Case 13 a simple ligation and 
transfixion was performed , in all the others the fistula was ligated and trans- 
fixed at the point of its emergence from the artery and was buttressed by a 
segment of the divided vein The ages of the patients ranged fiom 19 to 45 
years The duration of the fistula at the time of surgery ranged from 4 to ii 
months The fistula was between the carotid artery and the jugular vein in 
three instances, between the popliteal vessels in four, the femoral m five, and 
the axillary m one In eight cases sympathectomy had been performed because 
of poor collateral circulation Anticoagulants were used in three cases In 
Case 6 heparin was given at the time of operation and until a satisfactory 
prothrombin level had been obtained from the administration of dicumarol 
In the other two cases dicumarol had been given preoperatively for several 
days In all three, dicumarol was continued for from two to three weeks In 
a fourth case (Case 13) a single dose of heparin was given at the time of 
operation 

The size of the fistula varied, the diameter ranging from 3 to 10 mm I 
was surprised to find that even large fistulae could be ligated close to their 
origin from the artery without causing any demonstrable narrowing or dis- 
tortion of the artery In six cases saccular aneurysms were present These 
sacs arose from the vein in three cases, from the fistula in two, and from the 
artery in one In the latter case the sac had a small neck which could be 
ligated and transfixed Case 10 was complicated by a fracture of the femur 
and Cases 4 and 6 by peripheral nerve injuries requiring suture In the one, 
neurorrhaphy was done at the time of operation , in the other it was deferred 
until a later date. 

In Case 13 in which simple transfixion of the fistula was performed, recur- 
rence of the bruit and thrill was evident two days after operation The fistula 
was excised with quadruple ligation two weeks later, with good result The 
result was excellent in all the other cases There was no evidence of recurrence 
or of dilatation of the artery The two limbs were of equal warmth and color 
except in those instances in which sympathectomy had been performed ; in 
these patients the affected foot was warmer than the other All the pulses 
distal to the site of anastomosis were present and full, and were j'udged by all 
observers to be about equal to those in the contralateral extremity The results 
of oscillometry were approximately the same in the two extremities except for 
two of the cases in which the limb had been sympathectomized, where oscilla- 
tions^ were slightly greater upon the operated side There were no abnormal 
physical findings except in two cases in which there was slight edema of the 
ankle which became progressively less with the passage of time 

In Table II are listed data on five cases in which an arterial defect was 
repaired by lateral suture The patients were all in their twenties; their 
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vascular lesions were of from 25 to 65 months’ duration at the time of 
operation Two were instances of traumatic arterial aneur3^sm, three of 
arteriovenous fistula The brachial arter)^ was aflfected in one case, the sub- 
clavian in two, and the femoral in two In none of the patients had sympa- 
thectomy been performed The arterial defects were from 3 to 12 mm in 
length The artery appeared in good condition in three cases, fair in one, and 
rather poor in one There was only slight constriction of the artery following 



Table II — 

Cases m 

Winch Artery Was Repaired by Lateral Artenorrhaphy 



Dura- 






Anti- 

Penod 



Age 

tion 



Lgth of 

Condi- 

Degree 

Coag- 

of 



of 

of 


Location 

Arterial 

tion 

of 

uHnt 

Follow- 


Case Pa- 

Lesion 

Type of 

of 

Defect 

of 

Con- 

Ther- 

Up m 


No 

tient 

in Mos 

Lesion 

Lesion 

m Mm 

Artery 

striction 

apy 

Afos 

Result 

1 

27 

2 5 

Saccular 

Brachial 

4-5 

Good 

Very 

+ 

2 

Excellent until 




aneurysm* 

distal 



slight 



hemorrhage on 





3rd 






13th P 0 day 
Reexploration 
Excision and Iiga 
tion with good re 
suits 

2 

25 

3 6 

Saccular 

Sub- 

3 

Good 

Very 

+ 

2 5 

Excellent Homa 




aneurj sm 

clavian 



slight 



toma evacuated 





distal 






on 10th post- 





3rd 






operative day 

3 

20 

6 

A-V 

Sub- 

12 

Good 

Very 

0 

1 7 

Excellent 





,clavian 



slight 








distal 3rd 







4 

27 

6 

A-V 

Femoral 

proximal 

3rd 

12 

Fair 

Slight 

0 

1 7 

Excellent 

S 

29 

6 5 

A-V 

Femoral 

12 

Poor 

One- 

0 

1 

Poor No pulse felt 





middle 



half 



distally after oper 





3rd 



diam- 



ation Reexplora 








eter 



tion m 3 hrs Seg 
ment thrombosed 
Excised with good 
result 

* 

Grossly infected 

Had ruptured subcutaneously 







repair in all cases except one, in this case the diameter of the artery was 
reduced by 50 per cent Heparin was given for two days in Case i , in Case 2 
it was given until the prothrombin level had been rendered satisfactory , in 
this case dicumarol was continued for ii days 

In Case i the artery was bathed in a pool of pus Continuity of blood flow 
through the artery was maintained, but on the 13th postoperative day a hemor- 
rhage occurred through the sutured defect On reexploration there was no 
evidence that healing had taken place at the line of suture The segment u'as 
excised and the artery ligated, iMth good result In Case 5 the extent of 
damage to the artery and the narrowing of its lumen after closure of the defect 
n ere so extensive as to make me wonder at the time wdiether the segment 
should not be excised Shortly after operation it w^as evident that thrombosis 
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had occurred The thrombosed segment was excised, with good result There 
had been no propagation of thiombiis either centrally or peripherally This 
patient did not receive anticoagulant therapy 

In the other three cases an excellent result was obtained The color, 
warmth and pulses in the two extremities were the same The results of 
oscillometry were equal in the two limbs in one case and moderately reduced 
on the operated side in one , in the third oscillometric studies were not made 



Table III 

— Cases tn 

Which Arteiy Was Repaiied by End-to-End Suture 

Age 

Case of Pa- 
No tient 

Dura- 
tion of 
Les'on 
in Mos 

Type of 
Lesion 

Location 
of Lesion 

Pre- 

oper- 

ative 

Symp 

Lgth of 
Artery 
Excised 
in Mm 

Period of 
Follow- 
up in 

Mos 

Result 

1 

20 

5 7 

Saccular 

aneurysm 

Brachial, 
distal 3rd 

0 

1 5 

2 

Excellent 

2 

35 

7 S 

Saccular 

aneurysm 

Brachial 
distal 3rd 

0 

1 5-2 

2 

Excellent 

3 

27 

8 

Saccular 

aneurysm 

Brachial, 
proximal 3rd 

0 

1 5-2 

3 5 

Excellent 

4 

28 

8 5 

Saccular 

aneurysm 

Brachial 
middle 3rd 

0 

1 5 

2 

Excellent 

5 

23 

S S 

Saccular 

aneurysm 

Axillarj’, 
distal 3rd 

"h 

2-2 5 

2 

Excellent 

6 

19 

6 

Saccular 

aneurysm 

Brachial 
middle 3rd 

0 

1 5 

2 

Excellent 

7 

24 

6 

Saccular 

aneurysm 

Brachial 
distal 3rd 

0 

2 

1 

Segment thrombosed 
Good circulation 

8 

21 

3 

Saccular 

aneurysm 

Brachial 
distal 3rd 

0 

2 

5 

Probably thrombosed 
and recannuhzed 

9 

29 

3 

A-V and 
saccular 
aneurysm 

Axillary 
distal 3rd 

0 

2 

4 

Excellent 

10 

29 

3 

A-V 

Femoral and 
profunda 
arteries 
Femoral vein 

0 

3-femoral 

2-pro- 

funda* 

2 5 

Excellent 

* 

Anastomosis between proximal end of profunda 

and distal segment of femoral artery 


In Table III are listed data upon ten cases in which the artery was repaired 
by an end-to-end suture The patients ranged in age from 19 to 35 years The 
lesions varied in duration f 1 om 3 to 8 5 months Eight of the patients had 
an arterial sacculai aneurysm, two had an arteriovenous fistula In one of 
these theie was a saccular aneurysm in addition to the fistula The lesion 
involved the brachial artery m seven cases, the axillary in two, and in one a 
double fistula was present betw^een the femoral and the profunda femoral 
arteries and the femoial vein In one patient sympathectom}’- had been per- 
formed before operation 

It was necessaiy to excise segments of artery ranging from i 5 to 3 cm 
in length In lesions of the axillary and brachial vessels length of artery w^as 
gained by adducting the arm to the body and flexing the forearm upon the 
arm After completion of the operation, position of the extremity was main- 
tained by the use of elastic bandages or by means of plaster splints In one 
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case m which the fistula involved both the femoral artery and the profunda, the 
divided ends of the femoral artery could not be approximated It was, how- 
ever, possible to approximate without tension the proximal end of the profunda 
to the distal stump of the femoral artery (Fig 5) In five patients there were 
injuries of peripheral nerves which required lysis, and in two of them neuro- 
rrhaphy was necessary 

The patients were followed for a period of from i to 5 months In eight of 
the patients there was every evidence to substantiate the patency of the artery 
In one case (Case 7) trauma to the brachial artery had resulted in an 
aneurysm near its distal end The sac lay partly in the belly and tendon of 
the biceps muscle After its excision it was feasible to suture together the 
divided ends of the artery The artery was small and its distal segment was 
somewhat scarred Further resection of the distal end, in order to have 
available for suture more normal artery, was impossible because the vessel 


Table IV — Cases m Winch Conhninty of Artery Was Restored by Vem Transplant 


Case 

No 

Age 
of Pa 
tient 

Dura, 
tion of 
Lesion 
in Mos 

Type of 
Lesion 

Location 
of Lesion 

Pre-op 

Sympa- 

thec- 

tomy 

Lgth of 
Vein 
Graft 
in Cm 

Source 

of 

Vein 

Graft 

Period of 

Follow up 

in Mos Result 

1 

26 

4 2 

A-V and 
saccular 
aneurysm 

Femoral 

distal 

3rd 

0 

2 

Saphenous 

3 

Excellent 

2 

19 

S 

A-V 

Femoral 

middle 

3rd 

0 

2 

Branch of 
femoral 

3 

Excellent 

3 

26 

4 

A-V 

Femoral 
distal 3rd 

-f- 

5 

Saphenous 

3 

Excellent 

4 

35 

? 

Saccular 

aneurysm 

Popliteal, 
middle 3rd 

-f 

2 

Small 

saphenous 

4 

Excellent 

5 

36 

6 yrs 

Saccular 

aneurysm 

Femoral 

proximal 

3rd 

0 

2 S 

Femoral 

1 S 

Excellent 

6 

24 

5 3 

Saccular 

aneurysm 

Brachial 
middle 3rd 

0 

2 S 

Saphenous 

1 2 

Thrombosis 

Good circulation 
maintained 


bifurcated nearby This patient received heparin at the time of operation and 
was started on dicumarol shortly afterwards By mistake he w'as given very 
large doses of dicumarol during the afternoon and night , though no signs of 
bleeding appeared the anticoagulants w'ere discontinued and vitamin K was 
administered Evidence of thrombosis of the sutured segment was soon noted, 
though the hand maintained good circulation In another patient (Case 8) 
the anatomic condition seen at operation was similar to that in the preceding 
case, indeed, the damage to the distal artery was more extensive Although 
the patient continued to have a good radial pulse, the ulnar pulsation and 
oscillometric readings were significantly reduced Some observers felt that 
the anastomosis had remained patent, but it was my belief that thrombosis had 
occurred and had, perhaps, been followed by recannulization 
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In Table IV data are given concerning six patients in whom an arterial 
defect was repaired by vein transplantation The patients ranged in age from 
19 to 36 years Their vascular lesions were traumatic in origin m five cases , 
in one a saccular popliteal aneurysm had resulted from medionecrosis of the 
artery The traumatic lesions were from four months to six years in duration 
Three were instances of arterial aneurysm, three of arteriovenous fistula In 
one case there was a saccular aneurysm in addition to a fistula The brachial 
artery was involved in one patient, the popliteal in one, and the femoral in 


four Sympathectomy had been performed in 
two cases The vessel for grafting was taken 
from the mam saphenous vein in three patients, 
from the small saphenous in one, from the 
femoral in one, and from a branch of the femoral 
m one One patient had a fracture of the femur, 
and m another neurolysis and neurorrhaphy 
were necessary All the patients were given 
anticoagulants 

The patients were followed for a period of 
from five weeks to four months The patency 
of the vessels was demonstrated by various 
studies in five cases , m the sixth thrombosis 
occurred but good circulation was maintained 
No explanation is evident for the failure except 
that the suture may have been technically im- 
perfect because of the small size of the artery 
I have not seen such a small brachial artery m 
any other case Arteriograms taken of several 
patients demonstrated patent vessels and showed 
no postoperative dilatation of the venous insert 



In those cases m which the vein had been larger 
than the artery, the arteriograms demonstrated 
the relative diameters of the vein transplant and 
the artery to be much the same as they were 
observ^ed to be at operation (Fig 6) In those 
cases m which the artery and vein were ob- 
served to be approximately the same size at 
operation, arteriograms taken later showed their 
1 elative diameter to be unchanged (Fig 7). 

It was evident that reparative procedures 
had been successful m 28 of the 34 cases In one 
case (Case 13, Table I) a fistula recurred, and 


Fig 5 — Arteriogram of 
Case 10, Table III A fistula 
between the femoral and 
profunda femoral arteries 
and the femoral vein has 
been resected with end-to- 
end suture of the profunda 
artery proximally to the fe- 
moral artery distally Arte- 
riogram taken ten weeks 
later by injection of 70 per 
cent diodrast into the com- 
mon femoral artery reveals 
excellent filling of the fe- 
moral artery No narrowing 
IS noted at the suture line 


m one case of lateral suture m the presence of gross infection (Case i. Table 
II) healing did not follow In one case of lateral suture (Case 5, Table II), in 
one case of end-to-end suture (Case 7, Table III), and in one case of vein 
transplantation (Case 6, Table IV) thrombosis of the repaired segment oc- 
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curred In one case (Case 8, Table III) several observers had some doubt as 
to the outcome I felt that thrombosis and subsequent recannuhzation had 
taken place 

In analyzing these failures, I feel, in retrospect, that the first patient 
should have been treated differently— instead of a simple double transfixion 
of the fistula, the vein should have been divided and used to reinforce the 
transfixed fistula, as was done m other cases There is much to suggest that 



Fig 6 Fig 7 


Fig 6 — Arteriogram of Case 2, Table IV An arte- 
novenous fistula between the femoral artery and vein 
has been resected with transplantation of a segment of 
a large branch of the femoral vein, about 2 cm m 
length, in order to bridge the arterial defect Arterio- 
gram taken seven weeks after operation reveals the 
vein insert and the artery to have relative diameters 
about equal to those observed at completion of operation 
Fig 7 — Arteriogram of Case i, Table IV An 
arteriovenous fistula and saccular aneurysm involving 
the femoral vessels has been resected and a segment of 
saphenous vein, 2 cm in length, introduced as an insert 
in the arterial defect There was no dilatation of the 
venous segment at completion of the anastomosis and 
none is noted on arteriogram taken ten weeks later 


hgation of vessels in continuity is, in general, unwise and that division of 
ligated vessels is preferable The one exception in which I feel that simple 
multiple transfixion gives excellent results is in the case of patent ductus 
arteriosus in w'^hich the technic of Blalock has proved a simple and generally 
reliable method In this situation, in contrast to others, the anatomic factors 
perhaps favor success of the procedure The ductus is actually not as long ss 
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it appears to be when sti etched out by dissection, and once ligation Is accom- 
plished the pulmonary arteiy and the aorta naturally fall back into close 
proximity, thus, eliminating sti etching and tension of the ligated fistula In 
regard to the second case m which the aneurysm was grossly infected, I know 
of no alternative piocedure which \\ould have made successful healing of the 
artery more likely In thiee cases I feel that the local damage to the artery 
was sufficiently extensive to account foi the thrombosis which ensued The 
lateral suture m Case 5 m Table II should piobably not have been carried out 
— instead the damaged segment should have been excised and repair 
accomplished by end-to-end suture or vein graft In addition, anticoagulants 
should have been used In the other two cases further resection of the injured 
distal segment of aitery appealed to be piohibited by the pioximity of the 
point of bifurcation to the severed distal end of the vessel In the remaining 
case (Case 6, Table IV) I know'- of nothing that could have been done to 
ensure success The vessel w'as unusually small and it is possible that the 
repair was not technically pei feet, although at the time of operation it appeared 
to be satisfactoiy and a free flow of blood through the vein insert w'as present 
at time of closure 

In addition to the complications m the cases just discussed there were 
a few others One patient had a postoperative hematoma which required 
exploration of the w'ound two houis after the original opeiation (Case 2, 
Table IV) The vein graft was found to be functioning w'ell and the bleeding 
to be coming from a small branch to a muscle This w'as clamped and ligated 
Three other patients had hematomas of the wmund (Case 2, Table II, Cases 
2 and 4, Table IV) All w'ere being given anticoagulants In one the hematoma 
W'as aspirated , in two the W'ound was reexploi ed, and in both there was evi- 
dence that diffuse capillary bleeding had occurred Anticoagulants were 
stopped, and no further difficulty was encounteied Two patients (Cases 4 
and 5, Table IV) had a mild wound infection which did not interfere with the 
success of the vascular repaii 

In evaluating the patency of the repaired artery various examinations 
were utilized The presence of a warm, well-colored foot was obviously not 
sufficient evidence upon w'hich to judge the repair to be successful, nor was 
the presence of distal pulsations The presence of a radial pulse after brachial 
or axillary repair or of a dorsal pedal pulse aftei a femoral or popliteal repair 
IS of little significance, for such pulses may be present after ligation of mam 
aitenes proximally, provided the collateral circulation is adequate The pres- 
ence of all pulses distal to the site of lepair, equal 111 volume to those of the 
contralateral limb, is felt to provide evidence of successful maintenance of 
continuity of the artery For example, wdien full popliteal, posterior tibial and 
doisal pulses are present after repair of the femoral artery, the patency of this 
vessel IS appaient In addition, ciiteiia of success included visible patency by 
arteriograms in those cases in which such studies w ere made, and oscillometnc 
results comparable to those in cases m wdiich the patency of the artery was 

221 



HARRIS B SHUMACKER, JR 


Annals of Surgery 
I ebruary 1948 


ation, and at a time when blood flow through the affected artery was intact, 
none of the patients had any appreciable decrease in tolerance of exercise In 
contrast, those patients in whom surgical treatment had necessitated ligation 
of a major arterjr as a rule had fatigability For example, those with ligated 
popliteal or femoral arteries could i\alk only an average of about seven-tenths 
of a mile before onset of extreme fatigue or cramps m the calf 

Discussion — The ideal method for the surgical treatment of aneurysms 
and arteriovenous fistulae is extirpation of the lesion and maintenance or 
restoration of the continuity of the artery In this regard it is fitting to pay 
tribute to Lambert who, m 1759, long before arteries had been repaired m 
man or in experimental animals, conceived the idea of preserving the involved 
artery At his suggestion, as I^ mentioned previously, Hallowell accomplished 
closure of the small rent in an artery by twisting a thread about a pm placed 
through the lips of the wound In a letter to Hunter, wdiich was read on June 
15, 1761,^® Lambert stated after discussion of a patient wdio was left with 
some functional impairment followung treatment of an aneurysm by^ proximal 
and distal ligation “This case, in particular, made me turn my mind to the 
operation for the aneurj^sm, and made me wish to see it done with some 
alteration m the method, so as to make less disturbance m the circulation of 
the part I recollected all that I had seen or lead of the effects of sty'ptics, 
of pressure, and of ligatures in the case of hemorrhage I considered the coats 
and motions of arteries, and compared their w'ounds wnth the wounds of 
veins, and other parts I reflected upon the process of nature in the cure of 
wmunds in general, and considered, in particular, how'^ the union of divided 
parts was brought about in the operation of harelip, and m horses’ necks that 
are bled by' farriers Upon the whole, I w'as in hopes that a suture of the 
w ound m the artery might be successful , and if so, it wmuld certainly be prefer- 
able to tying up the trunk of the vessel ” Unfortunately^, his brilliant reason- 
ing W'as to wait long for additional application w'hile surgeons struggled with 
the technical difficulties of curing aneurj sms and fistulae wuthout undue risk 
of life and while the fundamental principles of vascular suture were being 
developed 

Such reparative procedures can be carried out in a large number of cases 
Though local anatomic factors sometimes preclude the use of these methods, 
the attitude of the operator determines, perhaps more than anything else, the 
frequency wuth which these procedures will be applied A high degree of 
success can be anticipated, nevertheless, up to the present time one cannot 
assume that the results of arterial repair will be uniformly successful 

Since this is the case, it is advisable to do every'thing possible to make 
certain that the collateral circulation is adequate before definitive surgery of 
the aneurysm or fistula is attempted An exception can be made in the rare 
case with poor collateral circulation in which the local findings at operation 
make it evident that the continuity of the artery can be maintained by some 
very' simple means, such as transfixion of a fistula Even though arterial 
repair is planned and accomplished, the same care should be exercised to 
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preserve all collateral arteries as is essential when methods are used which 
necessitate ligation of the affected artery If a collateral vessel requires divi- 
sion in order to complete repair, the collateral circulation should be rechecked 
and Its adequacy established with this vessel temporarily occluded I feel that 
employment of this principle would have increased the number of reparative 
operations in the present senes of cases 

The chief hazards of surgical lepair of arteries are hemorrhage, throm- 
bosis, and subsequent development of aneurysmal dilatation at the site of 
repair The chief local factors which endanger the success of the repair appear 
to be damage to the wall of the artei}^ infection, and such small caliber of the 
lumen as to make accurate approximation difficult Most important of all, in 
the success of the operation, is careful obsei vance of the well-established prin- 
ciples of surgical repair of vessels 

In the present series of cases postoperative hemorrhage occurred only 
once, in a case in which the sutured artery lay m a pool of pus and in which 
healing did not take place Some of the early, and recent, investigators have 
demonstrated that successful repair can be accomplished m the presence of 
infection Nevertheless, from the earliest experiments it has been recognized 
and repeatedly demonstrated that the danger of hemorrhage and of thrombosis 
IS increased by infection 

In my experience thrombosis has occurred in only three cases of lateral 
arteriorrhaphy or end-to-end suture in which the local arterial damage was 
sufficiently extensive to raise doubts in my mind at the time of opei ation that 
the artery would remain patent, and in one vein transplant to an exceedingly 
small brachial artery In retrospect, I feel that a wider excision and vein 
grafting would have been a preferable procedure in the former cases and 
would have been applicable in at least one of them As mentioned previously, 
thrombosis in the last case may have resulted from imperfect technic due to 
the small size of the vessel, although the completed anastomosis appeared at 
the time of operation to have been properly performed In the introduction 
to this paper I quoted some remarks of Halsted on the danger of extension of 
the thrombus so as to compromise important collateral arteries I believe that 
clinical and experimental data suggest that such propagation of a thrombus is 
unlikely provided the collateral circulation is adequate, for extension of a 
thrombus is not apt to occur if the circulation proximal and distal to the site 
of repair is kept active by collateral blood flow Furthermore, the chance of 
thrombosis occurring, or of its propagation if it should occur, can be lessened 
considerably by the use of anticoagulants In the reported series there was 
nothing to suggest extension of the thrombus in those cases in which throm- 
bosis did take place In the one case in which the occluded segment was 
excised the thrombus was sharply limited to the immediate area of the repair 

There was recurrence of an arteriovenous fistula in one case in which the 
fistula was simply transfixed and ligated in continuity, a procedure which 
appears to be unwise. As far as I know, up to the present time no aneurysms 
have developed at the site of repair Should this unfortunate event take place, 
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It appears likely that it would occur within the first few weeks or months after 
operation, as it did in Holman’s case/® and not years later when atheroscle- 
rotic changes might add an additional hazard to its extirpation Under such 
circumstances it would seem that the original procedure could still be looked 
upon as justifiable, such patients should be able to withstand surgical cure of 
the aneuiy^sm with no more risk than would have been entailed had the artery 
been ligated at the original operation 

In any vascular repair certain principles must be followed The artery 
must be handled gently to avoid local injury, its intima must be kept mois- 
tened with saline solution or mineral oil, the artery must be occluded only by 
some nontraumatizing means such as rubber-shod artery clamps, and the 
adventitia must not be allowed to fall into the suture line The edges of the 
vessel must be carefully brought together with fine suture material in such a 
way as to approximate mtima-to-intima Strict asepsis must be maintained 
These principles gradually became appaient m the course of the early experi- 
ments Most of them are evident from the early work of Jassinow'sky,®® 
Murph},® and Dorfler,-^ and thej' were exemplified in the experiments o^ 
Carrel and Guthrie Some disagreement existed as to the choice of suture 
material, but it has long been established that only the finest nonabsorbable 
sutures should be used Silk has been almost universally used, but the present 
study demonstrates that also very fine cotton sutures are satisfactory 

In order to facilitate the accurate approximation of the inverted mtima, 
Carrel suggested the use of three initial tension sutures placed at equidistant 
points'^® Horsley* suggested the use of a metal bar for holding the three 
traction sutures In the cases I have reported, four interrupted mattress trac- 
tion sutures have been used, because it was found easier to space four sutures 
at equal distance from one another than three The use of four traction 
sutures was a contribution of Frouin 

Practically every type of suture has been recommended Jassinowsky®® 
used interrupted sutures, Burci®^ a continuous suture Both tried to avoid 
inclusion of the intima, as Crafoord®® still does in his cases of coarctation of 
the aorta Others, however, have largely abandoned the idea, since the w'ork 
of Silberberg,-" Napalkow^®® and Dorfler,®* most workers have included the 
intima in the suture Jaboulay and Briau^^ introduced the use of interrupted 
everting mattress sutures Clermont,®® working with veins and Dorrance®* 
with arteries, used a continuous mattress suture Horsley* recommended a 
continuous cobbler’s stitch In the present series of operations I have used 
interrupted mattress sutures Although I have found both continuous and 
interrupted, plain and mattress sutures to be satisfactory in experimental ani- 
mals,* I have felt that the everting mattress sutures gave one greater assurance 

* Since completion of this paper a statistical study of the complications following 
end-to-end suture of arteries in dogs suggests that everting mattress suture technics are 
superior to those m which the ends of the vessels are approximately layer-to-layer with 
plain sutures 

(H B Shumacker, Jr and R I Lowenberg Experimental Studies in Vascular 
Repair i Comparison of Reliability of Various Methods of End-to-End Arterial 
Suture Surgery In Press ) 


226 



Volume 127 
Number 2 


ARTERIAL SUTURE 


of accurate intimal approximation without interposition of adventitia and 
that such anastomoses could be accomplished without noticeable constriction 
In repair of peripheral arteries the vessels can be easily and securely closed 
with interrupted sutuies, in certain situations, however, continuous sutures 
are preferable For example, the continuous mattress suture, which Blalock^^ 
has recommended for subclavian-pulmonary anastomosis in congenital heart 
disease where there is impaiied pulmonary blood flow, is the suture of choice 
since it gives one the best opportunity to secuie a tight closure and, since once 
the anastomosis is completed, the posteiior portion of the suture line is rela- 
tively inaccessible for any fuither repair which would be necessary should a 
leak be present 

Up to this point I have not mentioned the use of mechanical aids in the 
repair of arteries The use of permanent nonabsorbable intraluminal pros- 
theses, such as the glass rods of Abbe,^^ is doomed to failure from thrombosis 
The removable glass splint of De Gaetano^^ is obviously better The soluble 
rod technic recently presented by Smith®^ can undoubtedly be used with suc- 
cess, but I have felt no need for intraluminal splinting and have preferred the 
more classical methods of repair A number of external aids have been intro- 
duced in order to permit sutureless anastomoses The absorbable magnesium 
ring technic of Payr®® had extensive experimental and some clinical trial and 
has some merit, as have the modified rings of Lespinasee, Fisher and Eisen- 
staedt.®'' Recent attention has been directed to nonsuture methods by the 
ingenious vitallium tubes which Blakemore, Lord and Stefko®® have used 
successfully I have preferred suture technics because of several considera- 
tions The sutured vessel has no permanent rigid, nonabsorbable, partially 
constricting ring around it as does the vessel repaired by the vitallium tube 
method I believe in the hands of those experienced in vascular suture, the 
suture method carries less risk of subsequent hemorrhage and no significantly 
increased hazard of thrombosis Though I have had little experience with the 
nonsuture method, I have attempted to use it m a number of cases but have 
abandoned it in each case because of certain difficulties In some I had trouble 
m finding a vein of suitable size , in others I could not use the tubes because 
their length would have necessitated occlusion of collateral vessels near the 
end of the severed artery In one case in which I completed a vein graft by 
this method, a brisk hemorrhage occurred as the wound was being closed, 
which was due to slipping of the tube out of the proximal artery even though 
It had been tightly ligated in place with several silk ligatures Undoubtedly, 
this brief personal experience is not representative of that of workers who 
have devoted more attention to this technic It is my feeling, however, that 
those who are confronted with problems of vascular repair can more profitably 
devote their energies to obtaining proficiency in vascular suture rather than 
m nonsutme methods Perhaps the nonsuture method has its greatest sphere 
of usefulness in the hands of the untrained vascular operator who, on rare 
occasions, may encounter a case requiring anastomosis of blood vessels 

The question of establishing the patency of the artery after vascular repair 
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deserves some comment From the earliest reports to the most recent, one 
finds that there has been a tendency to judge the results of repair of arteries 
to be successful on extremely uncertain grounds Some observers have used 
the absence of gangrene or other ischemic damage as evidence of success 
Regardless of the incidence of gangrene in cases in which a given artery is 
ligated, the absence of such a disaster does not prove in any case that the 
repair has been followed by persistent patency of the repaired segment Others 
have cited good warmth and color and a palpable dorsal pedal or radial pulse 
as evidence of success, observations which may follow the ligating of mam 
stem arteries if the collateral circulation is adequate If by success we mean 
preservation of the lumen of the repaired vessel, we must be careful to obtain 
good evidence of its patency, a matter which has been discussed previously 
One also finds in the literature numerous statements to the effect that if 
a vascular repair remains patent for only a short time, it may be useful in 
tiding the patient over a precarious period until the collateral circulation 
becomes well-established Should thrombosis occur gradually over a period 
of time, with slow narrowing of the lumen, one might expect this occurrence 
to favor development of collateral circulation, just as a partial proximal liga- 
tion seems to exercise such an influence Actually, I know of no work to 
suggest that such thromboses bring about slow gradual occlusion of arteries , 
on the contrary, when thrombosis occurs it seems generally to be rapid and 
complete One can imagine that in a badly traumatized limb some of the 
collateral channels might be functioning poorly because of compression from 
hemorrhage into fascial compartments and by attendant vasospasm In such 
a circumstance, if a repaired artery could be kept open for a few days it might 
serve a useful protective purpose In most circumstances, and certainly in 
the surgery of aneurysms and fistulae, one can look upon an arterial repair 
followed by thrombosis as having served no useful purpose It has, indeed, 
subjected the patient to certain additional hazards, hazards which, however, 
as I have previously pointed out, are minimal and of little practical concern 
provided the collateral circulation is adequate, no collateral vessels have been 
destroyed, and anticoagulants are used 

Altogether there seems every justification for performing reparative or 
restorative procedures instead of arterial ligation whenever such methods can 
be applied The recent report of Freeman®® is in agreement in this regard 
Brooks^® has stressed the advisability of arterial repair m cases of arterio- 
venous fistula during a period when many of his contemporaries have recom- 
mended other measures It is fair to say that the results of successful repair 
in cases of aneurysm or fistula are superior to any method which necessitates 
sacrificing the continuity of the affected artery 

STOIMABT 

I Thirty-four cases in which the continuity of the affected artery in cases 
of aneurj'sms or arteriovenous fistulae was maintained or restored by some 
method of vascular repair are reported 
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2 The methods of repair, the choice of cases for application of such 
methods, and the results in successful and unsuccessful cases are discussed 

3 The historical development of the principles of vascular repair and of 
their clinical application is reviewed briefly 
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CONSERVATIVE SURGERY IN TUMORS OF BONE* 

WITH SPECIAL REFERENCE TO SEGMENTAL RESECTION 

Bradley L. Coley, M.D., akd Norman L. Higinbotham, M.D. 

Nevt Yoek, N. Y 

In recent years there has been a growing tendency on the part of those 
who treat neoplasms of bone, both benign and malignant, to rely more upon 
surgical measures and less upon roentgen therapy The employment of the 
latter for tumors that are known to be radioresistant is at present restricted 
largely to inoperable cases or to those few patients who will not consent to 
surger)^ and it is conceded that the objective is palliation rather than cure 
We knov that worthwhile relief from pain and restraint of tumor growth 
may often follow the intelligent use of roentgen therapy 

With the present increasing preference for surgical measures there appears 
to be a definite trend in the direction of conservatism, especially in respect to 
the mutilating procedure of amputation This does not mean that amputation 
IS no longer regarded as the safest and most justifiable operation for the great 
majority of primarj^ malignant tumors of bone Rather it implies that in the 
past perhaps too little attention was paid to the possibility of selecting cases 
that might yield satisfactory results by a technic which, w^hile it eradicated the 
disease locally, presented all or most of the extremity and a ^ood measure of 
function as ivell 

After devoting considerable thought to the possibilities inherent m pro- 
cedures less radical than amputation we presented our conclusions in a paper , 
“Conservative Surgery in Tumors of Bone” , delivered at the Southeastern 
Surgical Congress in 1941 Further experience has but tended to strengthen 
our recorded convictions relative to the following : 

(a) that there is a definite place for selecting a conservative rather 
than a more radical operation , 

(b) that there are criteria which enable one to make a correct decision 
in the majority of instances , 

(c) that there is a measure by which the surgeon can subsequently 
determine whether his initial decision was justified, and 

(d) that if judgment is exercised the patient stands to benefit rather 
than to suffer from the surgeon’s conservatism 

On the other hand, it would be regrettable if ill-considered and injudicious 
extension of conservative measures should lead to an over-enthusiastic adop- 
tion of less radical procedures, especially m circumstances where the latter 
offered a greater likelihood of a cure 

DEFINITION OF CONSERVATin!: SORGERY 
For the purpose of this discussion we would define conservative surgery 
as an elective o peration which either avoids amputation entirely or which 

* Read before the New York Surgical Societj', May 14, 1947 
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places It at a lower level with greater prospects of improved function As an 
example of the first, one might cite total excision of a scapula to avoid an 
interscapulothoracic disarticulation, and as exemplifying the second, the 
selection of an upper thigh level of amputation for a tumor of the lower femur 
— ^this in contrast to a hip-joint disarticulation Other examples will be 
cited later. 


FACTORS IN FAVOR OF A CONSERVATIVE PROCEDURE 

In general one may state categorically that benign tumors almost always 
call for conservative measures Tumors of border-line or of unquestioned, 
although low-grade, malignancy deserve consideration relative to the possibility 
of a less mutilating procedure than amputation Here, other factors will often 
decide the proper selection 

Tumors which are medullary in origin and which do not appear to have 
penetrated through the cortex to present beyond the periphery of the bone 
are more prone to respond to a less drastic operation than amputation On 
the other hand, typical “run-of-the-mill” osteogenic or chondro sarcomas, or 
those of great bulk, with wide extension beyond the normal confines of the 
bone and of high malignancy as determined by histologic study, are definitely 
unsuited to a conservative attack 

When considenng the suitability of a more conservative approach the 
following criterion should be used “Can the tumor together with sufficient 
tissue to prevent a local recurrence be completely removed, and if so, can a 
useful limb be maintained^” Once the decision to avoid an amputation has 
been made and the less mutilating measure carried out, subsequent events 
will prove the wisdom of the choice Providing there is never any local or 
regional recurrence it may be regarded as having been a justifiable one even 
though distant metastasis ultimately occurs, for in the event of the latter even 
an amputation at the highest possible level would not have afforded any addi- 
tional protection However, if a local recurrence takes place then the choice 
may be regarded as having been ill-advised 

DESCRIPTION OF CONSERVATIVE PROCEDURES 

I Curettage This is a widely used method of treatment for the following 
Giant cell tumor, bone cyst, enchondroma, fibrous dysplasia and other lesions 
found beneath the cortex By its means one can deal successfully with many 
benign tumors which formerly were sometimes subjected to amputation The 
curetted cavity is usually cauterized with saturated solution of zinc chloride 
and irngated thoroughly with saline before closure of the wound 

We have one five-year survival of a chondromyxosarcoma of the upper 
tibia in which after microscopic examination a curettage and bone graft was 
done deliberately , the patient remains well five years later with no evidence of 
a recurrence or metastasis , 

In Case I, the procedure here would ordinarily have been thigh 
amputation 
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2 . Partial Resection, The acceptability of the principle of partial resection 
for benign bone tumors needs no further comment. Although for truly 
malignant tumors this measure may seem ha2ardous, in selected cases we 
believe it is indicated. 

In support of this concept we cite a case of endothelioma of the upper 
fibula; and another of the lower fibula (Case II). In Case III both have 
remained free of disease for more than five years following partial resection 
of the fibula Another noteworthy result of resection occurred m a peduncu- 
lated chondrosarcoma of the lower femur In Case IV there was preservation 
of a normal limb and freedom from symptoms. 

Owing to the prominent and virtually subcutaneous position of the clavicle, 
tumors which arise in this bone may be diagnosed more promptly and dealt 
with by partial or even total resection more readily than those having their 
origin in most of the other long bones It is surprising how slight a functional 
impairment results even when the entire clavicle is removed 

3 Segmental Resection and Massive Bone Graft to Repair Defect: While 
the proper setting for resection of bone sarcomas is seldom encountered it 
would seem that surgeons have made little efifort to utilize the measure even 
when an opportunity presented itself. Phemister stands almost alone among 
the living American surgeons who have made a determined effort to apply 
resection to carefully selected cases of primary sarcoma of the long bones 
Indeed, he quotes figures from the records of the Bone Sarcoma Registry of 
the American College of Surgeons to show that of 701 cases of osteogenic 
sarcoma, only three of the 93 five-year survivals were treated by resection, 
and only one by resection and bone transplantation 

On the other hand, Phemister has practiced resection of the tumor-bearing 
segment and bone transplantation to replace the defect, in at least ten cases, 
not all of which have as yet been reported Anyone who has studied Phemis- 
ter’s series must be impressed with the rare judgment he displayed in the 
selection of his cases combined with his technical skill in carrying out the 
extensive procedures His series includes the following remarkable successes 
— ^a ten-year survival of a patient with a resected osteogenic sarcoma of the 
upper right humerus who is still able to practice his profession of dentistry ; 
an eight-year survival following resection of the upper five inches of the tibia 
for chondrosarcoma , a 12-year survival of a chondrosarcoma of the humerus 
treated by local excision and roentgen therapy Even more remarkable are 
two femur cases that were treated by resection and utilization of massive 
transplants from both tibiae , one, a borderline giant cell tumor of the medial 
condyle remains well for three years and ten months after operation; the 
other, a central chondrosarcoma of low-grade malignancy remains well for 
four and one-half years after operation One cannot refrain from extolling 
these results which demonstrate the valuable place held by resection in the 
treatment of borderline or slowly-growing malignant tumors 

Our experience with segmental resection and massive bone graft is limited 
to three cases, two of these involved removal of the middle third of the 
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humerus (Case V and Case VI), and in one (Case VII) the middle third of 
the ulna was resected The lesions for which these operations were required 
were, thrice recurrent central chondroma, twice recurrent fibrous dysplasia* 
and fibrosarcoma of low grade malignancy The latter two cases are too recent 
to consider from the standpoint of end result The first case, on the other 
hand, is well 1 1 years, with an excellent functional and anatomical result 

4 Excision Some extremity bones may be completely excised together 
with the tumor, resulting in preservation of the limb and often only moderate 
functional impairment This procedure may be applicable not only to benign 
tumors but to selected malignant ones as well In the case of the latter, the 
more low-grade the malignancy the better the ultimate outlook — an observa- 
tion applicable to more mutilating operations too In this connection we would 
cite a case of chondromyxosarcoma of the scapula in which a partial and sub- 
sequently a total scapulectomy was followed by freedom from disease for a 
period of II years (Case VIII) In another noteworthy case (Case IX) total 
scapulectomy succeeded in eradicating a huge chondromyxosarcoma , however, 
later there developed pulmonary metastasis and a small local recurrence The 
same result was noted in a case of angioendothelioma of the scapula (Case X) 
in a child, however, without local recurrence 

Owing to the extreme rarity of tumors of the patella, an opportunity to 
excise this bone is seldom afforded However, in a case of malignant giant cell 
tumor of the patella (Case XI) an excellent local result was obtained, while 
pulmonary metastasis finally caused the patient’s death three and one-half 
years later there was complete absence of local recurrence and during most 
of the interval between the operation and death, she was able to continue her 
work as a machine operator 

5 Amputation At first, it may seem paradoxical to refer to an amputa- 
tion as a conservative surgical measure , in a sense of course it is not What is 
meant here is the substitution of a less radical for a more radical amputation, 
with the result that the patient is thereby better able to care for himself, to 
earn his living and to enjoy a more normal existence 

Reference to certain surgical texts reveals the usual admonition, i e , never 
to amputate for bone sarcoma through any portion of the bone involved This, 
then, implies an obligatory hip disarticulation for all cases of osteogenic or 
chondro sarcoma of the lower end of the femur — a site in which the disease is 
most frequently found We have long been convinced that with a careful 
selection of cases a high thigh amputation will prove an acceptable substitute 
in many instances A recent study of 39 consecutive cases of osteogenic and 
chondro sarcoma of the lower femur in which a high thigh amputation was 
performed at Memorial Hospital in lieu of a hip-joint disarticulation, discloses 
that in 37 cases no stump recurrence took place , of the two in which this did 
occur (Case XII), one underwent a disarticulation at the hip and remained 
well for more than five years when last traced Thus, in only one instance, or 
approximately 3 per cent, -was the patient’s chance of a survival theoretically 
diminished On the other hand, 37 patients were afforded a sufficient stump 
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to pronde tlieiii wth an artifiaai limb and to remo\ e them from the group of 
prospective crutch-users for the remainder of their lives This ne regard as 
useful conser\*ative surgen.- 

In another patient with a sarcoma of the lov,er fibula (Case XIII), tiie 
knee was preserved by an amputation performed five inches below the knee- 
iomt * tlie survnval period here is more tlian ten years 

Perhaps the most impressive case is that of a man (Case XIV ) who had 
an osteogenic sarcoma of tlie proximal phalanx of tlie fifth finger of the nght 
hand. Amputation of tlie fourtli and fifth fingers and parts of the ulnar side 
of tlie hand left him unth a useful member whicli enabled him to continue his 
occupation as a bus dn\ er * he has remained w ell for nine years 


coxcursioxs 

Conservative surgerv' for tumors of bone implies the substitution of some 
less radical procedure tlian amputation or if the latter is unavoidable, ampu- 
tation at the low est level compatible with safeU 

Curettage partial resection segmental resection and exasion are methods 
which may at times be used in lieu of amputation If these procedures are 
successful in eradicating the primary tumor and in avoiding a local or regional 
recurrence, tiiey raai then be considered as wholly justified 

Certain histologic Upes and certain clinical and roentgenographic settings 
indicate tlie advisabilih' or die madvisabilit}- of attempting conservative 
measures 

High thigh amputation for osteogenic and chondro sarcoma of the lower 
femur may in selected cases be a safe substitute for hip disarticulation and 
oners greater advantages to the patients who survive 

It woiild seem to be wortliy of our concentrated effort to perfect the oper- 
ative treatment of bone neoplasms by ever}* available means One important 
adv ance might be tlie exerase of better care in the selection of cases in w hich 
less radical surgery w ould accomplish complete removal of the tumor with less 
mutilation dins affording the patient a better opportunitv* to lead a more 
normal life. 


CASE REPORTS 

^ Case I. — R. female, age 31 years, was admitted on November 17, 1941, com- 
plaining of pain m the right knee of five weeks' duration. Exaramation revealed a slight 
swelhng on the anterolateral aspect of the upper tibia. Operation November 10, 1941 , 
curettage ot the tumor-bearmg area of upper tibia and sliding bone graft from mid-tibia 
Pathologic d'agnosis. low-grade myxochondrosarcoma Kotcnhcr 13 19~6, five vears 
lat^ patient presents no evidence of disease and films reveal a satisfactory appearance 
which has remained unchanged in the past four years Function of the knee is unim- 
paired* an excellent result. 


^ Case II —Y. B male, age is 5 ears was admitted on September is, 1938, wnth a 
nistopr 01 'na-rag m,.ured his nght knee in October 1937 while pla> mg football This 
^ lollowed in a w^ by th€ appearance of a swellmg m the region of the head of tne 
fibnla which slowiv increased. On biopsy the pathologist reported endothelioma or small 
spmnle cell osteogenm sarcoma but favored the former Accordingly, the lesion was 
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treated with high voltage X-rays, a total of 1200R Units, delivered to each of three 
parts (anterior, posterior and lateral), and, in addition, the lower half of the fibula 
received 1200R Units through a lateral port On November 21, 1938, the upper half 
of the fibula was resected and on pathological examination showed no evidence of 
residual tumor January 18, 1946 the patient reports that he is symptom free. 


Case III — B C , male, age 22 years, was admitted on July 23, 1941, complaining 
of a lump on the outer aspect of the lower leg above the ankle Doctor Ewing’s diagnosis 



Fig iA — C ase 3 Endothelioma of fibula 


on a specimen obtained from a previous biopsy 
done elsewhere, was that of Ewing’s sarcoma 
Roentgen therapy was also given prior to admis- 
sion Operation, June 12, 1941 , excision of lower 
fourth of fibula, stabilization of mortise with two 
Mtallium screws Pathologic diagnosis bone radiation 
foundi July 31, 1946, five years later, vitalhum screws 
well-healed scar and excellent function of the left ankle 



Fig iB — Five years after 
radiation therapy followed by 
segmental resection of fibula 

changes, but no residual tumor 
have been removed, there is a 
(Fig i) 


Case IV — B , female, age 40 years, was admitted on April 4, 1937, complaining 
of swelling of the left thigh, of two years’ duration Examination revealed an ovoid tumor, 
8x9 cm , over the anterolateral aspect of the lower left femur Sections from a previous 
biopsy performed elsewhere were reviewed by Doctor Ewing who confirmed the diagnosis 
of chondrosarcoma Operation, April 5, 1937, excision of* pedunculated tumor and pri- 
mary wound closure Pathologic diagnosis osteogenic sarcoma, chondro type, very low- 
grade. April 2, 1946, nme years later, patient reports she has no complaints and has a 
full range of motion in the involved lower extremity 
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Fig 2A — Case 5 Central chondroma of humerus Before operation 
Fig 2B — ^Recurrence after third operation 




7Je - 


* 0 . 


Fig 2C —After segmental resection and massive tibia! transplant to replace 

defect 
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Case V — A C, female, age 27 years, was admitted on September 13, 1930, with a 
history of pain m the left arm of four years’ duration Examination revealed enlargement 
of the mid-portion of the left humerus, and roentgenograms disclosed a central radiolucent 
area, irregular in shape, occupying this portion of the bone Conservative attempts 

(curettage), at removal were made in 
October, 1930, July, 1931, and in 
June, 1934 While the histologic re- 
port m each instance was that of be- 
nign central chondroma, each opera- 
tion was ultimately followed by a 
return of symptoms Accordingly, on 
February 18, 1937, a segmental resec- 
tion of the mid-portion of the humerus, 
including the tumor-bearing area, with 
a safe margin on either side, was car- 
ried out, the resected portion was re- 
placed by a massive tibial transplant 
mortised at either end (see Fig 2C) 
This transplant ultimately united and 
the final result is shown in Fig 2D) 
The patient is now well ten jears 
since the resection during which inter- 
val she has been able to continue her 
work as a stenographer (Fig 2) 

Case VI — D F , male, age 30 
years, was admitted on December 21, 
I939> complaining of pain in the right 
shoulder, of twelve months’ duration 
He gave a history of three episodes 
of traumatism to this area followed 
by pain After the initial incident a 
iracture through a bone cyst was re- 
vealed On examination, the right aim 
appeared swollen over the mid-portion 
There was pain on attempted motion 
in any direction The left arm had 
been amputated following an accident at the age of eight The diagnosis following an 
aspiration biopsy on January 3, 1940, was that of “wall of bone cyst ’’ Operation on the 
same date consisted of curettage of the cyst and implantation of a bone transplant from the 
tibia Fairly satisfactory bone regeneration took place and the patient remained well 
until June S, 1943, when on account of a recurrence of symptoms, a second operation 
was performed This paralleled the first one There was an additional period of 
three years of freedom from symptoms, followed by a recurrence and roentgeno- 
graphic evidence of reactivity A segmental resection was performed on April 8, 1946, 
a massive tibial transplant was doweled to fit in the medullary cavity at either end 
In August, 1946, the transplant was fractured in its mid-portion Examination in 
January, 1947, revealed definite evidence of callus formation, while solid bone union at 
the fracture site was lacking, the proximal and distal ends of the transplant were firmly 
united to the shaft 

Case VII — -R R , male, age 38, was admitted on March 3, 1946, with a history of 
a swelling of the right forearm, which was first noticed in 1935, and steadily increased m 
size without any treatment On March 6 , 1946, the large, soft, part tumor was dissected 
free and removed with a 3y$-inch segment of the ulna which was involved A tibial trans- 
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Fig 2D — End result 9 years later showing 
complete consolidation of the transplant 
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Fig 3 a — Case 8 Chondromyxosarcoma of inferior angle , Fig 3B — Recurrence after partial resection of scapula 

and axillary border of scapula 
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plant, dowelled at either end, was used to fill the defect Pathologic diagnosis was very 
low grade spindle cell non-metastasizing fibrosarcoma On April 15, 1947, only ten 
months later, the condition of the graft was satisfactory and there was no evidence of 
recurrence 

Case VIII — A S , female, age 32 years, was admitted in December, 1934, for a 
tumor of the right scapula on which a biopsy had been performed in Philadelphia, two 
years previously Microscopic report Chondromyxosarcoma, recurrent At that time 
an operation — excision of part of the scapula — was performed, followed by radiation 
therapy Our operation consisted of sub-total excision leaving the glenoid and neck of 
the scapula A recurrence took place within six months necessitating a total excision of 
the scapula on August 27, 1935 The pathologic diagnosis on both of these specimens was 
that of chondromyxosarcoma Examination in May, 1942, revealed the patient in excel- 
lent condition, she had a good functional result with the exception of limited abduction 
of the arm (Fig 3) 



Fig 3C — After total resection of scapula Well 12 years later 


Case IX — T V D , a 28-year-old Albino negro was admitted on April 6, 1934, 
with an enormous tumor of the left scapular region of two years’ duration There was a 
history of antecedent injury Examination revealed a mass measuring 23 x 21 cm over the 
left scapula, it was elevated 15 cm, beyond the normal body surface A total scapulec- 
tomy was performed on April 21, 1934 ' Pathologic diagnosis Spindle cell osteosarcoma 
Death from pulmonary metastasis took place in early April, 1936 , at this time there was 
also evidence of a small local recurrence in the operated area 

Case X — C V, male, age 9 years, was admitted on Jime 24, 1939, with a swelling 
of the scapula of 13 months’ duration Examination revealed a large tumor measuring 
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20 X 10 X 10 cm A total scapulectomy was performed on June 28, 1939 Pathologic 
diagnosis Angioendothehoma Postoperative treatment by irradiation and Coley’s toxins 


was carried out The patient died on May 14, 194^) 
with intracranial metastasis, multiple subcutaneous 
nodules and pulmonary lesions, without evidence of local 
or regional recurrence 

Case XI — A, female, age 47, was admitted on 
May 10, 1940, complaining of pain and swelling in the 
left knee over a period of two years, during which time 
she had sustained four falls on the knee, the latest one 
a month prior to admission A cast had been applied 
Examination revealed the affected patella to be three 
times the size of the normal one but it was freely movable 
and there was no skin attachment Roentgenograms 
disclosed an osteolytic lesion involving the entire patella 
with accompanying soft tissue swelling An aspiration 
biopsy was done and the pathologist reported “Malig- 
nant tumor with a suggestion of malignant giant cell 
tumor” A total removal of the patella was performed 
on May 14, 1940, following which the pathologist re- 
ported Malignant giant cell tumor A couise of Coley’s 
toxins was given and the patient was discharged on 
June 21, 1940 She remained symptom-free, able to carry 
on her work as a machine operator, until May, 1943, 
when films revealed pulmonary metastasis, and she died 
on November i, 1943, without evidence of local 
recurrence 

Case XII — W R , male, age 23, was admitted on 
November 22, 1935, complaining of a sore knee of six 



weeks’ duration On the direction of Doctor Ewing, he 
received a course of radiation therapy from November, 
I935> to March, 1936 It was assumed that he had a 
giant cell tumor No improvement followed, in fact he 
continued to grow worse and in August, 1936, a high 
thigh amputation was performed Pathologic diagnosis 
Osteogenic chondrosarcoma Fourteen months later 
there was a recurrence in the soft tissues of the stump 
necessitating a hip-joint disarticulation on October 6, 


Fig 4 — Case 13 Medul- 
lary and spindle cell osteo- 
genic sarcoma, recurrent 10 
months after resection of 
lower end of right fibula 
Treated by radiation, Coley’s 
toxins, then amputation at 
the site of election below the 
knee (instead of at or above 
the knee) Well 9 years 
later 


1937 April IT, 1946 , examination shows the patient to 

be in excellent condition, nine and one-half years after the second operation 


Case XIII — M B W , female, age 26, was admitted on January 3, 1936, complain- 
ing of pain about the right ankle of 15 months’ duration She had been operated on else- 
where m March, 1935 (resection of lower end of right fibula), and a diagnosis of osteo- 
genic sarcoma had been made On admission she was given 40,000 millecuries of radium 
(element pack) and a course of Coley’s toxins On January 22, 1936, an amputation at 
the site of election below the knee was performed Pathologic diagnosis Medullary and 
periosteal spindle cell osteosarcoma Examination in July, 1946, more than ten years 
later, revealed the patient in excellent condition , she has been able to earn her living as a 
clerk during this period (Fig 4) 
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Case XIV — W C , male, age 30, was admitted on February 10, 1937, with a history 
of having injured the fifth finger of the right hand in November, 1936, when it was 
struck by a casting There had been two operations for removal of tissue for diagnostic 
purposes The first sections revealed chronic osteitis and the second were suggestive of 
giant cell tumor However, the roentgenograms pointed more definitely to a diagnosis of 
osteogenic sarcoma Operation performed on February 16, 1937, at Memorial Hospital 
consisted of partial amputation of the hand involving removal of the fourth and fifth 
fingers The pathologic diagnosis of osteogenic sarcoma, low-grade, made by Doctor 
Stewart was confirmed by a number of the Committee of the Bone Sarcoma Registry 
Evamtnahon on March 20, 1946, showed the patient to be m excellent condition with a 
useful hand more than nine years after the operation 

140 E 54th St 
New York, N Y 
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As IN THE FIRST years following World War I, there has been a revival 
of mteiest in technics of colostomy closure The magnitude of the recent con- 
flict, and the gieatly mci eased appreciation of the value of colostomy m the 
primary operative management of gunshot wounds of the colon, have afforded 
incomparable oppoitiimties foi evaluation of existing methods of making and 
closing colostomies 

Poor results attiibutable to the technic employed in closing a colostomy 
can be roughly giouped under three categories 

(1) Reopening of the closuie with persistent fecal drainage 

(2) The occur lence of hernia at the site of closure 

(3) Pain at the site of closure, associated with varying degrees of 
obstruction to the fecal stream 

In the closure of any opening m the colon, whether traumatic or elective, 
certain fundamental surgical principles obtain These are usually followed 
without question m cases of elective anastomosis of the bowel, but are often 
neglected in technics of colostomy closui e 

( 1 ) The blood supply to the bowel edges to be sutured must be preserved 

(2) Free edges of bowel must be accurately and snugly coapted without 
tension 

(3) Approximation of visceral peritoneal surfaces must be obtained if 
possible 

(4) The creation of obstruction or stenosis at the site of closure, either 
secondary to the technic of closure itself, or due to faulty repositioning 
of the sutuied bowel, must be avoided 

If these principles aie maintained, the closure of the opening m the bowel 
should remain secure If they are neglected, no amount of chemotherapy or of 
reinforcement with fascial or other extrapentoneal layers will prevent leakage, 
infection, and reopening of the closure 

The avoidance of wound infection in an unavoidably contaminated field by 
leframing from extensive dissection of the various layers of the abdominal 

all during the closure is also important Such dissection tends to open up 

* Presented at the meeting of the Central Committee on Fractures and other 
Traumas of the American College of Surgeons, Januarv 15, 1946 Chicago, Illinois 
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Virgin tissue planes and spaces which have less resistance to infection than 
those adjacent to the colostomy The reopening of an infected wound is most 
often followed, m short order, by reopening of the exposed suture line m the 
bowel itself Preoperative preparation of the bowel with sulfasuxidme (suc- 
cmylsulfathiazole or sulfaphthahdme (phthalylsulfathiazole) is undoubtedly 
of great value, but from our experience is not of supreme importance 

Intraperitoneal methods of closure greatly facilitate the proper observation 
of these surgical principles and particularly eliminate the danger of compres- 
sional or positional kinking of the sutured bowel, which is inherent m any 
extraperitoneal method of closure Obstruction at the closure site by what 



Fig I — Lumbar colostomy made by exteriorizing 
damaged portion of upper cecum and first portion of 
ascending colon through wound of entrance of missile 
Closure of this colostomy was very difficult and necessi- 
tated widespread mobilization and extensive dissection to 
provide a firm closure of the colon and a good repair of 
the lumbar tissues 

Warwick has termed “mtraluminary kinking” remains a hazard in any type of 
closure, but can be reduced to a minimum by meticulous suturing or can be 
compensated for by a special type of anastomosis which will be described later 

MATERIAL 

Seventy-two consecutive colostomy closures, done during a 15-month 
period, form the basis of the present study The colostomies were all originally 
performed as adjuncts to the primary surgical management of gunshot wounds 
of the large bowel, ranging from the cecum to the terminal two inches of rec- 
tum The types of colostomy encountered ran the gamut from orthodox to 
bizarre, as regards construction and site Examples of lumbodorsal, flank, and 
low thoracic colostomies were included, as well as the more usual exterioriza- 
tions of riddled colonic segments, rotated colostomies, and partially retracted 
colostonues, (Fig i, 2) In one case, a transverse colostomy had been brought 
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out of the abdomen through a small stab wound low down in the left lower 
quadrant, (Fig 3), and in another a sigmoid colostomy had been brought out 
through the internal inguinal ring and upper part of the left inguinal canal 

PREOPERATIVE CARE 

Adequate information about the structural details of the colostomy were 
lacking m most of these cases In no instance did we enjoy the privilege of 
closing a colostomy that we had made oui selves Since all the colostomies in 
this series had been perfoimed for penetrating wounds of the abdomen, involv- 
ing not only the colon but othei abdominal viscera and organs, the decision to 



Fig 2 — Flank exteriorization of damaged portion of descending 
colon just below splenic flexure Proximal and distal stomas are indi- 
cated by pointers and have retracted about i" below skm surface The 
herniated mucosal mass of the riddled colonic segment contains four 
accessory openings Colostomy has been brought out through wound 
of entrance of missile 


close a colostomy depended on the status of associated lesions m the small 
bowel, urinary tract, bony pelvis and distal colon In many cases, extensive 
surgery was necessary for the cure or elimination of such lesions, usually 
before, but often at the time of closure of the colostomy In some instances a 
poorly placed colostomy was closed and replaced with one more suitably 
located, which remained to be closed after further reconstructive surgery had 
been done upon the distal bowel Such reconstructive surgery included trans- 
peritoneal closuie of ureterosigmoid, vesico-rectal and hepatico-colic fistulae, 
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as well as the more usual and simpler closures of sacral, perineal and flank 
fecal fistulae (Fig 4) In a number of cases, resection of extensive segments 
of colon, including the colostomy, was done (Fig 5) 

With a view^ to anticipating and reducing complications that might arise 
at, or after operation, an extensive program of preoperative study, preparation 
and evaluation was undertaken for each case (Table I) 

OPERATI\’^E TECHNIC 

The methods ot closure employed ranged from simple extraperitoneal 
closure, to resection of the colostomy and adjacent four to eight inches of 
bowel, with end-to-end anastomosis Only 12 extraperitoneal closures were 





Fig 3 — Transverse colostomy brought out through small oblique incision 
m left lower quadrant Note massive edema, mucosal prolapse and rotation of 
colostomy (approximately 95°) Pointer is in proximal stoma 

done, and this method w^as abandoned early in the series In 24 consecutive 
cases an intraperitoneal closure utilizing a modification of Pauchet’s technic 
of anastomosis was employed wuth very satisfactory results With the excep- 
tion of the Pauchet closures and four cases of resection and end-to-end anasto- 
mosis, the remainder, or 32 cases, were closed by an intraperitoneal technic 
similar to that described by Dixon and Benson (Fig 6) The surgical prin- 
ciples previously outlined w^ere scrupulously followed in all closures but two, 
both done by the extraperitoneal route These tw^o closures reopened for a 
short time, but later closed spontaneously without the necessity for further 
surgical intervention 
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Table I — Routine Preoperative Colostomy Study* 


I In addition to the usual laboratory work the following should be done 

(1) Prothrombin time, 

(21 Vitamin C — blood level 

(3) Plasma chlorides, 

(4) Plasma-proteins 

(5) NPN. 

(6) Weigh the patient 

II In addition to the ordinary physical examination, the following should be done 

(1) Digital rectal examination 

(2) Digital colostomy examination (under pentothal anesthesia if necessary) 

(3) Examine for skin excoriation around colostomv (If present, Kaolin paste should be applied twice 
daily ) 

(4) Tap water enema, 500 cc through distal loop If any debris exists in distal loop, enema should be 
given daily until cleared 

(5) Procto-sigmoidoscopy PiecauUon In injuries to the pelvic colon especially following buttock or 
perineal wounds, the bow’cl is often hxed by scar and inflammatory tissue making the passage of the 
sigmoidoscope difficult or impossible and always hazatdous hxlrcme gentleness must be obser\ed 
for the avoidance of both pain and serious trauma to the colon 

HI (1) Educate patient, if not already trained, to care for his own colostomy 

(2) Daily bath 

(3) 2000 cc tap water enema through proximal loop at approximately same time every third day until 
preoperativc sulfasuxidine is started 

(4) Kaolin paste around stoma if o«j excoriation is present 

(5) High caloric — low residue diet 

(6) Supplementary vitamin therapy 

iV Special studies 

(1) Open film of abdomen for retained foreign bodies in all cases 

(2) Intravenous pyelogram In every case 

(3) Banum enema (Don’t give banum to a patient going on furlough unless 2-3 days are spent thereaftei 
»« the hospital thoroughly evacuating barium from distal loop Because of the peculiar physiological 
status of an inactive distal loop barium may be incompletely evacuated and develop into a con- 
siderable plug ) 

(4) Weigh patient once a week 

(5) Cystoscopy, retrograde pyelography, GI senes, cholecystography, etc , will be done according to 
indications in each case 

ParcAt^TioNS 

(1) Don't send any patient on furlough with banum still m the distal loop 

(2) Don't send any patient on furlough wuth an internal fistula, without a rtwougli workup including 
consultations, (for example urologic consultation in the case of unnary-fecal communications) 

(3) Be sure each furlough patient understands the care of his colostomy including diet, cleanliness, 
enemas, etc 

(4) Don't send any patient on furlough who has skin excoriation around colostomy. 

V Chemotherapy 

(1) Sulfasuxidine 025 Gm per kg daily in four divided doses and Synkayvit (synthetic vitamin K) 5 mg 
TID by mouth for at least six days All enemas, and colonic irrigations should be withheld dur- 
ing sulfasuxidine administration 

(2) Prothrombin time before starting sulfasuxidine and on day prior to operation 

(3) If skin excoriation develops around the colostomy dunng sulfasuxidine preparation, notify surgeon 
promptly, instruct patient to bathe several times daily and apply kaolin paste more frequently 

(4) Tap water enema (1 000 cc ) to both loops on night before operation 

(5) Paregoric 8 cc night before operation and repeat in A M before operation 

VI Postoperative Routine 

(1) Full liquid diet as tolerated upon return from operating room 

(2) Mineral oil IS cc Q I D 

(3) Rectal tube, q 2 hrs 

(4) Patient may be ambulatory on the first postoperative day 

(5) Soft diet, first or second postoperative day as tolerated 

(6) Regular diet as soon as spontaneous bowel movements appear 

Note — Sulfasuxidine is not to be continued postoperatively except m sjiecial cases involving extensive 
bowel resection or upon the individual recommendation of the surgeon 


* The outline as given above was published on each surgical ward for the guidance 
of the ward personnel Apologies are tendered for the obvious naivete of the instructions 
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All operations were done under spinal anesthesia A simple preparation 
of the operative field with soap, water, ether, and a suitably tinted skin anti- 
septic was found to be completely adequate Irrigation of the colostomy on 
the operating table, the use of gauze plugs, and other complicated procedures 
described elsewhere, were not employed 

The operative incision was closed without drainage m all but five cases 
In three of these the technic of delayed closure, described by Coller and Valk, 
and by Pemberton, was employed In one case, a Penrose tube was left for 



Fig 4 — ^Lipiodol injection made solely through sacral opening 
of uretero-sigmoid fistula, showing sigmoid and ureteral connections 
The left hydronephrosis subsided with the passage of four calculi, 
following dilatation and catheter drainage of the left ureter and 
kidney pelvis Cure of the fistula obtained by establishment of 
Devine colostomy in transverse colon, closure of sigmoid colostomy, 
and finally, transperitoneal closure of fistulous openings in recto- 
sigmoid and left ureter The left kidney was preserved 


36 hours down to the site of closure of an associated hepatico-cohc fistula In 
another case, in which the wound of entry had been used to bring out the 
colostomy from the abdomen, an inevitable subcutaneous dead space resulted, 
which was drained for 36 hours by a Penrose tube 

CHEMOTHEKAFT 

In a majority of cases preoperative preparation of the colon for six days 
with sulfasuxidme (succinylsulfathiazole) and a low residue diet was carried 
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Fig 6 — Technic of Simple Intra-Pentoneal Colostomy Closure 
(After Dixon and BensonJ 

(1) Elliptical incision encircling stoma (Spur has been pre- 
viously crushed) 

(2) Incision carried down through all abdominal layers, 
opening peritoneal cavity Mucocutaneous cuff of stoma resected 

(3) Transverse closure of colostomy, using two layers of 
sutures 

(4) Wound closed in layers without drainage, using inter- 
rupted sutures of fine cotton or silk Topical sulfonamide is not 
employed 
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Fig 7 — Pauchet Technic of colostomy closure The cautery is not used 
in our modification of this procedure The colostomy stoma and adherent 
skin cuff are excised with the scissors The vertical incision in the long 
axis of each bowel limb is made, also with scissors, from the stoma down- 
ward, instead of as shown The continuous suture shown in 5 is usually 
continued down the lateral aspect of the anastomosis as a continuous Connell 
stitch in our technic Interrupted Halsted sutures of fine black silk are sub- 
stituted for the continuous Lembert suture shown in 6 (Reproduced by per- 
mission of the publisher from Maingot, ABDOMINAL OPERATIONS, 

Vol II, Page 1334, D Appleton- Century Co , New York) 

decompress the colon distal to the closuie This t\as continued until the first 
bowel movement, which was usually on the third or fourth postoperative day 
All patients were ambulatory by the fifth or sixth postoperative day 
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PAUCHET CLOSURE 

In 24 cases a modification of Pauchet’s technic of intraperitoneal colostomy 
closure was done 

This procedure embodies largely the principle of the Finney pyloroplasty, 
and briefly consists in encircling the colostomy stoma by an elliptical skin 
incision, leaving a cuff of skin about one-quarter inch around the mucosal 
edge The incision is deepened in an anatomic manner by sharp dissection 
through all the layers of the abdominal wall down to the peritoneum, which is 
then deliberately opened along the medial aspect of the colostomy The peri- 
toneal incision is continued by sharp dissection so that it completely encircles 
and frees the afferent and efferent limbs of the colostomy With gentle 
traction on the bowel, further mobilization is continued as far as is necessary 
to provide an adequate length of bowel for the anastomosis, and to permit, if 
necessary, resection of the colostomy or of segments of bowel deformed by 
secondary fistulas, extensive scarring or granulomatous masses Proper mobil- 
ization permits complete delivery from the abdominal cavity of the afferent 
and efferent limbs of bowel to be used in the anastomosis The wound edges 
and the peritoneal cavity are protected by two large saline packs tucked snugly 
down into the wound around the bowel All subsequent surgical procedures 
are then earned on entirely outside the abdominal cavity and the operative 
wound The anastomosis is performed (Fig 7) after such complications as 
bowel rotations and interposition of small bowel or omentum, etc, are cor- 
rected and after resection of undesirable segments of bowel has been com- 
pleted Upon completion of the anastomosis, the bowel is carefully replaced 
within the peritoneal cavity so as to avoid twisting or kinking, and the wound 
IS then closed m layers without drainage 

At first we employed the method for the closure of colostomies whose 
defects or complications prohibited spur crushing and simple intraperitoneal 
closure The good results and smooth postoperative course in these first few 
cases, and the obvious advantage to our patients of avoiding the time Ibst in 
a spur crushing procedure, impelled us to adopt the method as the procedure 
of choice m closing subsequent colostomies The advantages of the method 
are, in general, those of any intraperitoneal type of closure m avoiding 
positional and compressional kinking of the bowel at the site of the closure, 
in providing for an adequate repair of the abdominal wall m which the devel- 
opment of hernia subsequently is extremely unlikely , and in the general secur- 
ity of the closure itself In addition to these advantages, the method insures a 
very generous lumen at the site of anastomosis, even though a firm, leakproof, 
three-layer anastomosis is done, turning in a generous cuff of bowel wall By 
this method, the development of obstruction at the site of closure from either 
extrinsic or intrinsic causes, is completely avoided or compensated for to a 
degree not attainable with end-to-end anastomosis, and the other prime 
requisites for a successful closure already mentioned are ensured 

The postoperative course of these 24 patients was very smooth A full 
liquid diet was taken by all patients in this group upon their return from the 
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operating room All patients were ambulatory by the first postoperative day 
Flatus was passed freely per rectum on the first or second postoperative day, 
normal bowel movements occurred on the second oi third day, usually witliout 
enemata or catharsis, and all patients weie taking a regular house diet by the 
third day. Gas pains, distention, vomiting, the withholding of food, the use 
of suction decompression, parenteral fluids, and other postoperative nuisances, 
were conspicuously absent There were no wound infections, wound reactions, 
or failures of the closuie, in this group Barium studies of the colon at three 



4 * 


Fig 8 — Barium Study of Colon four weeks after Pauchet 
closure of Colostomy 


to four weeks postoperatively revealed adequate, or even generous lumens in 
each case, without evidence of postoperative stricture or stenosmg deformity 
(Fig 8) 

RESULTS 

The results in 72 consecutive colostomy closures are shown m Table II 

COMMENT 

There were no deaths Failure of the closure occurred m two cases, early 
in the senes, due to faulty technic In these two cases, we presume that some 
degree of wound infection took place This, however, was completely masked 
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or overshadowed by the reopening of the closuies, on the fourth and fifth days, 
respectively, which w as of a somewhat cataci} smic nature 

There were no wound infections or “reactions” in the remaining 70 cases 
All incisions appeared to be healing well without reaction on the sixth postop- 
erative day, at which time skin sutures were removed Subsequent healing 
was uneventful and resembled that expected in clean elective incisions 

Following the appearance of hemorrhagic phenomena in two patients on 
the second postoperative day, due to hypoprothrombinemia, synthetic Vitamin 
K w'as given by mouth during sulfasuxidine administration to all subsequent 
patients Routine studies of prothrombin time, done the day before sulfasuxi- 
dine preparation was begun, showed high noi mal values in these two patients 


Table II — Results in 72 Consecutive Closures of Colostomies Done for Battle Wounds 

of the Colon 



Number 

Per Cent 

Failure of closure 

2f Closed spontan-^2 8% 

Veoiislj later / 

Wound infection 

2(?) 

2 8% 

Healed by 14th postoperatu e daj 

70 

92 2% 

Persistent sinus with drainage 

0 


Pain at site of closure 

0 


Hernia at site of closure 

0 


Stenosis at site of closure 

1 

1 4% 


(following end-to 

end suture) 

Obstructive symptoms at site of closure 

0 



With the appearance of hemorrhagic phenomena postoperatively, namely, 
rectal bleeding, the prothrombin time was again determined m these two 
patients and found to be less than lo per cent of normal In both cases, bleed- 
ing stopped within three hours following the intravenous administration of 
large doses of Vitamin K and the restoration of normal prothrombin values 
Although acceptable proof is lacking, we feel that the marked reduction in 
vitamin K- synthesizing colonic bacteria brought about by sulfasuxidine, was 
at least partly responsible, and suggests interesting possibilities for clinical 
investigation 

It IS difficult for us to evaluate the clinical results of sulfasuxidine prep- 
aration of the bow'^el from our experience wuth such a small series of cases At 
least a dozen closures w^ere performed without sulfasuxudine preparation, and 
it appeared to us that their postoperative course was fully as smooth as 
regards w'ound healing, absence of febrile reaction, minimal postoperative 
discomfort, gas pains, etc , as those in which sulfasuxidine was given preoper- 
atively At the operating table, however, the advantages of sulfasuxidine prep- 
aration w'ere more clearly demonstrated by the scrupulous cleanliness and 
complete absence of fecal debris in the colon thus prepared From these obser- 
vations w^e have concluded that sulfasuxidine preparation is of great value in 
reconstructive surgery of the large bow el, including colostomy closures, but is 
certainlv not indispensable 
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SUMMARY 

Experience with 72 consecutive colostomy closures has resulted in a 
decided preference foi a method of colostomy closure which will provide the 
following 

1 As nearly anatomic a reconstruction of the colon and abdominal wall 
as is possible, namely, an intiaperitoneal type of closure 

2 A technic of closure which obviates the wastage of time and the not too 
remote dangers attending a preliminary spur crushing procedure 

3 A type of intestinal anastomosis which will allow the surgeon consid- 
erable freedom in suturing so that he may make a two, or even three, layer 
closure of great firmness, turning in a sufficient cuff of bowel wall to ensure 
excellent peritoneal coaptation, and yet at the same time leaving a sufficiently 
large lumen at the site of closure which will not under any circumstances 
become stenotic, either due to immediate postoperative edema, or later from 
cicatricial contraction 

In the mam, end-to-end anastomosis, with or without actual resection of 
the colostomy itself, satisfies these requirements fairly well Nevertheless, it 
has been our experience in a significant number of cases, that, with this 
method, immediate postoperative edema has sufficiently compromised an 
otherwise adequate lumen, so as to endanger the integrity of the suture line 
or to cause postoperative discomfort, cramps and other nuisances Conse- 
quently, our decided preference is for the Pauchet type of closure, which we 
have come to employ almost exclusively for the closure of colostomies in the 
transverse, descending, and sigmoid colons In our experience with this type 
of closure, withholding of food postoperatively is unnecessary, postoperative 
discomfort is minimal, early ambulation is accomplished readily, wound infec- 
tion, leakage or failure of the closure, and obstructive symptoms, either early 
or late, are thus far unknown 


REFERENCES 

^ CoIIer, F A , and W L Valk The Delayed Closure of Contaminated Wounds Ann 
Surg, 1 12 256, 1940 

“ Coder, F A, and H H Vaughan Treatment of Carcinoma of the Colon Ann Surg, 
121 395, 1945 

^ Dixon, C F, and R E Benson Closure of Colonic Stomas Ann Surg, 120* 562, 
1944 

* Dor, M J La Fermeture Des Anus Iliaques Gaudies Jour de Med De Pans, 37 
659, 1938 

Finochietto, R Colostomia, Seccion de Espolon La Prensa Medica Argentina, 46: 
2206, 1943 

® Horsley, G W , Lt Col , M C Surgery of the Colon as Seen m a General Hospital 

Med Bull of the Med Theatre of Op 3 45, 1945 

Howser, I W An Improved Technique for Closure of a Loop Colostomy Am J 

Surg , 2 187, 1944 

® Keene, C H Colostomies Bui U S Army Med Dept, 86 115, 1945 
Lockhart-Mummery, J P Discussion on Methods of Making and Closing Colostomy 

^ Openings Proc Roy Soc Med Lond , 10 135, 1916-17 
Idem The Closure of Colostomy Openings Lancet, i 554, 1917 

255 



SANDERS, HAFFNER AND LYNN 


Annals of Surgery 
1 ebruary 1948 


“ Mayo, C W, and C P Schlicke That Hazardous Eminence, the Colostomy Spur 
Am J Surg, 58 29, 1942 

12 Mamgot, R ABDOMINAL OPERATIONS, Vol II, p 1334-1335 New York City, 
D Appleton-Century Co 

Pauchet, V , and LeGac, P Fermeture d’un Anus Artifiel Gauche Consecutif A Une 
Colectomie Gauche Segmentaire La Pratique Chirurgicale Illustree , 19 p 130, 
E Doin et Cie , Pans 

Pemberton, J de J , and B M Black Delayed Closure of Incisions Made at Closure 
of Colonic Stomas Surg Gyn & Ob , 76 385, 1943 

Poth, E J , and F L Knotts The Clinical Use of Succinyl-Sulfathiazole Arch - 
Surg, 44 208, 1942 

Poth, E J Succmyl-Sulfathiazole and Phthalyl-Sulfathiazole in Surgery of the 
Colon Surg, 17 773, 1945 

Sanders, G B , and P H Halperin Experiences with the Pauchet Technique of 
Colostomy Closure Surg, 20 82, 1946 

12 Shallow, T A, S A Eger, and W J Tourish An Improved Alethod for Extraperi- 
toneal Closure of Colostomy Surgery, 18 466, 1945 

Warwick, W T Closure of Colostomy Practitioner, 151 156, 1943 

University of Louisville 

Department of Surgery 

Louisville, Kentucky 


256 



MODERN CONCEPTS OF URETERAL CALCULI 
Chaeles C. Higgins, M D , and J G. Waeden, M D. 

Cleveuvjto, Ohio 

It is now generally conceded that ureteral calculi are originally formed in 
the kidney and then pass into the ureter. Calculi which develop ab imtio in 
the ureter are rare, as the smooth mucosal lining is constantly being washed 
with urine, and because gravity exerts a pulling force on crystalloid accumu- 
lations of stones However, cases have been reported m which anatomic or 
pathologic areas of stasis (sacculations or diverticula) are undoubtedly 
responsible for the formation of ureteral calculi 

Available reports cite instances m which ureteral stones have formed in 
connection with ureteroceles, neoplasms, ureters with blind endings, or ectopic 
ureters This series of 256 cases is reviewed not only to ascertain general 
information governing ureteral calculi, but also to compare the type of treat- 
ment instituted with that of previously reported series This presentation is 
a supplementary report on ureteral calculi treated at Cleveland Clinic from 
1939 to 1945 

Etiology — Inasmuch, as ureteral calculi are usually formed in the kidney, 
the factors governing the formation of renal calculi merit consideration It is 
generally accepted that no single etiologic factor is responsible for the forma- 
tion of the calculi Thus, if the causative factors in the individual case are not 
determined and eradicated, recurrent stone formations will ensue It is evident 
that only by intensive preoperative investigation and diligent postoperative 
management can the morbidity of this disease be reduced. 

In view of our present knowledge of calculus formation, the following 
factors must be studied (i) hyperparathyroidism; (2) vitamin-A deficiency ; 
(3) stasis, (4) metabolic diseases, (5) focal infection, and (6) infections 
of the urinary tract 

Each etiologic factor warrants investigation in order that, if present, it 
may be corrected at the time of operation or during the period of postopera- 
tive observation 

Age Incidence — Stone in the ureter is essentially a disease of middle life 
In this series, 69 per cent occurred between the ages of 21 and 50 (Table I) 


Table I 


AGE INCIDENCE 


Age 


Cases 

1-10 years 


0 

11-20 years 

• • 

2 

21-30 years 


31 

31-40 years 


55 

41-50 years 


91 

51-60 years 


58 

61-70 years 


18 

Over 70 years 


1 
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Iliac a 


Loioep pelvic spindle- 



- Renal Fascia 

Ureteral pelvic junction 

— Abdominal spindle 


rtepy- 


Pelvic spindle 


Intra mural ureter 


Fig I — Points of constriction in the normal ureter 


The youngest male was 20 and the youngest female 22 years of age The 
oldest male was 72 and the oldest female 61 years of age These results agree 
with a senes of 122 cases reported by Mathe (Table II) ^ 


Table II 

AGE INCIDENCE OF MATHE S CASES 


Age Cases 

0-10 years 0 

10-20 years 6 

20-30 years 13 

30-40 years 28 

40-50 years 34 

50-60 years 24 

60-70 years 17 


Sea, — ^The incidence of ureteral calculus is much greater m men than in 
women Ravich- states that 69 8 per cent occur in men and 30 per cent in 
women Bumpus and Scholl® observed 68 per cent in men and 32 per cent in 
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women In a senes of 350 cases reported by the author in 1939, 79 7 
were in men and 20 3 per cent m women In this series of 256 cases, 79 per 
cent were m men and 21 pei cent in women 

Side Involved — The occurrence of ureteral calculi on the left and right 
sides IS approximately equal Ki etschmer® observed that in 500 cases, 45 8 
per cent were on the right side and 51 8 per cent on the left side In our 
series of 350 cases previously reported, 46 per cent were in the right ureter 
and 54 in the left ureter In this series of 256 cases, 47 per cent were m the 
right and 53 per cent in the left ureter Bilateral ureteral calculi occur in i 7 
to 3 6 per cent of cases 

Location of Calculus — The majority of calculi become impacted m the 
pelvic portion of the ureter As a general rule the descent of the stone is 
arrested at one of five points in the ureter These points are the normal loca- 
tions of constriction to be found in the ureter (Fig i), namely, (i) at or 
just below the ureteropelvic junction, (2) at the point where the ureter 
crosses the iliac vessels, (3) at the base of the broad ligaments in the female 
and of the vas deferens in the male , (4) at the point u here the ureter enters 
the external muscular layer of the bladder, and (5) at the ureteral orifices 
In our series of 350 cases the location was as shown in Table III 

Table III 


LOCATION OF CALCULI 


Right upper ureter 

14 

cases 

Left upper ureter 

16 

cases 

Right midureter 

21 

cases 

Left midureter 

22 

cases 

Right lower ureter 

12S 

cases 

Left lower ureter 

143 

cases 

Bilateral calculi m 6 cases 



Right and left lower ureter 

3 

cases 

Right lower ureter and left upper ureter 

1 

case 

Right midureter and left midureter 

1 

case 

Right midureter and left lower ureter 

1 

case 

In this senes of cases the following location was noted 



Right upiier ureter 

IS 

cases 

Left upper ureter 

22 

cases 

Right midureter 

7 

cases 

Left midureter 

12 

cases 

Right lower ureter 

89 

cases 

Left lower ureter 

99 

cases 


The location of the calculus was not stated in 12 instances 


SYMPTOMATOLOGY 

The symptoms produced by a stone in the ureter may so closely simulate 
those produced by a stone in the kidney that roentgenologic study may be 
necessary to establish the correct diagnosis The position of the calculus, the 
presence or absence of obstruction or infection, and the movement of the 
stone may influence the symptoms 

Pam was the predominant symptom m this series It occurred as colic m 
^51 (59 per cent) of cases, and as unilateral costovertebral-angle pam m 51 
(20 per cent) of cases Indefinite abdominal discomfort was present in 57 
(22 7 per cent) of cases, and nausea and vomiting m 94 (36 per cent) 
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In the 350 cases previously reported, 20 per cent presented symptoms not 
referable to the urinary tract m contrast to 22 7 per cent above In the pre- 
vious series, in 14 per cent of the cases the pain was referred to the upper 
quadrants of the abdomen, and m 6 per cent the pain was referred to the 
right or left lower quadrants 

Bumpus and Thompson® found that the appendix had been removed in 
26 8 per cent of the 138 cases of ureteral calculi pnor to establishing an 
accurate diagnosis 

Calculi in the upper ureter produces pain either as colic radiating around 
the abdomen to the genitalia or by obstruction producing a fixed sharp or 
dull pain in the posterior renal area Stones in the pelvic portion of the ureter 
may produce colic, obstructive symptoms, and also pronounced vesical symp- 
toms In one patient the only complaint was severe pain in the testicle, others 
had pain referred to the perineum, rectum, medial portion of the thigh, and 
localized pain medial to the knee joint 

During their attacks nearly half of the patients noted frequency Urgency 
was present in 31 3 per cent of the 256 cases, and many of the patients gave 
a history of vague abdominal pains associated with frequency This led to 
complete urologic examination and finding of a calculus 

Urine examination revealed microscopic hematuria in 212 (82 8 per cent) 
and gross hematuria in only 94 cases (367 per cent) Microscopic pus was 
present in the urine m 226 (89 per cent) 

Carp'^ states that in a study of 100 patients with ureteral calculi 93 per 
cent developed a leukocytosis Of this group 20 per cent had white blood cell 
counts of from 15,000 to 30,000, 42 per cent from 10,000 to 15,000, and 31 
per cent from 7,000 to 10,000 He states that this finding is of great sig- 
nificance and should be incorporated m the classical picture of ureteral calculus 
Roentgenographic refinements in technic have made the number of undiag- 
nosed ureteral calculi exceedingly small Peterson and Holmes® found in 100 
cases that 96 per cent were diagnosed by roentgenologic study The most 
frequently overlooked calculi were located in a small area medial to the spine 
of the ischium and just above a line joining the lowest part of the ischial spines 
In this series of 256 cases 98 4 per cent of the stones were demonstrated 
roentgenologically Two hundred and thirty-seven were visualized on the 
initial roentgenogram, and 15 additional calculi were shown by the use of 
radiopaque dye 

Stones lying low in the ureter render cystoscopic examination a valuable 
adjunct in diagnosis A calculus approaching the bladder will make typical 
changes of edema about the ureteral orifice, a definite bulging may be noted, 
a gaping orifice, or the calculus in the orifice may be observed 

Other corroborative evidence includes striking an obstruction with a 
ureteral catheter (plain or wax-tipped) and the hydronephrotic drip of urine 
It IS also suggestive after a catheter has passed a grating obstruction, fol- 
lowed by relief of pain in the renal area 

Dunng the present decade intravenous urography has become an important 
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diagnostic aid In addition to demonstrating opaque and nonopaque stones a 
physiologic picture of renal function is secured, thereby giving an index of the 
proper therapeutic course to be followed By the employment of intravenous 
urography we can determine the status of the kidney above the calculus, t e , 
the degree of hydronephrosis, if present, and determine if complete or only 
partial obstruction is being produced by the stone It also obviates the chances 
of dislodging the stone and forcing it back into the renal pelvis if a catheter 
(ureteral) is introduced through the cystoscope 

TREATMENT 

Few urologic problems require consideration of so many factors as does an 
obstructing ureteral calculus Whether or not to operate and relieve the 
obstruction immediately or to manipulate and possibly subject the patient to 
a period of disability, painful colic, and possible febrile reactions is a ques- 
tion arising m every case Likewise should a period of watchful waiting be 
pursued What are the factors to be evaluated in deciding whether or not the 
patient should be carefully watched m anticipation of spontaneous expulsion 
of the stone, manipulation procedures should be recommended, or surgery 
advocated ^ 

(1) Economic Status and Occupation As the economic status of the 
patient and his occupation may influence the procedure to be advocated for 
medical problems extraneous to the urinary tract, so may it influence the type 
of therapy to be recommended in a patient with ureteral calculus 

A sudden attack of colic in persons working with machinery, airplane 
pilots, engineers, etc , may not only endanger their lives but also those depen- 
dent upon them A laborer m whom a stone impacted in the upper ureter 
passes slowly down the ureter, its progress at times being arrested for varying 
periods of time, and who is subjected to repeated attacks of colic may be 
restored to gainful occupation more quickly by the surgical removal of the 
stone through a muscle-splitting incision 

There are, likewise, occupations which require considerable exertion and 
expenditure of energy and provoke frequent attacks of colic in the patient, who 
may, due to his financial status and obligations, require more immediate relief 
of symptoms 

(2) The Size of the Calculus This is of considerable importance, but we 
are of the opinion, as are others throughout the literature, that of equal 
importance is the size of the ureter below the stone It is a relatively easy 
matter to pass catheters or extractors along the sides of a stone in a large 
ureter, and often impossible to pass a catheter by a small stone in an undiluted 
ureter As a general rule, the larger the calculus the less likely it is to pass 
spontaneously, and more frequently will manipulative efforts fail to succeed 

Joly^ has stated that patients passing stones at varying intervals of time 
are able to pass progressively larger calculi Thompson and Kibler^® state 
that in 361 cases of ureteral stones in which manipulative procedures were 
used, in 46 per cent the stones measured i to 2 cm , in 19 per cent the 
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diameter varied from o 5 to i cm , and m 20 per cent the diameter was less 
than o 5 cm In our experience stones larger than i 5 cm in diameter are 
rarely amenable to transurethral manipulation 

(3) Status of Kidney above the Calcidus Final acceptance of any method 
of ureteral calculus therapy should have as its prime objective prevention of 
destruction or loss of function of the kidney on the affected side Maintenance 
of urinary flow is aided by the irregular shape of most ureteral calculi Re- 
peatedly, we have seen linear grooves and irregular channeling m the presence 
of hopelessly impacted stones that have been present for years with no 
apparent renal damage 

However, clinical evidence of renal back pressure confirmed by intravenous 
urograms indicating complete ureteral obstruction or a progressively enlarging 
hydronephrosis signifies that conservative methods of treatment are unwar- 
ranted, and surgical intervention should be earned out 

Dourmashkin^’^ states that the important thing to remember in cases of 
advanced chronic infection is that the kidney is left with but a narrow margin 
of the remarkable tendency to speedy recovery exhibited by a kidney which 
becomes acutely infected in the course of sudden ureteral block of recent 
origin To subject such patients to prolonged cystoscopic treatment may only 
result in losing the small chance of bringing about renal recovery 

(4) General Health of the Patient Elderly, debilitated men may not 
tolerate instrumental manipulations well, and severe clinical reactions may 
lesult Some patients are more susceptible to febrile reactions following 
manipulative procedures, and once a seveie febrile reaction has occurred, 
further instrumentation must be considered hazardous 

Moore^^ states that if infection is acute, severe, and characterized by 
lepeated rigors, hyperpyrexia, and leukocytosis in the presence of an obstruct- 
ing calculus, prompt surgical interference, with establishment of free drainage, 
may become a life-saving measure 

However, in order to prepare a ureteral calculus patient for operation we 
have at times used an indwelling ureteral catlieter, which is of inestimable 
value in bringing about the quiescence of a septic course 

In elderly patients, associated pathology, such as prostatic hypertrophy, 
makes manipulative procedures technically difficult and febrile reactions more 
likely to occur In such cases, operation may be the procedure of choice To 
use more conservative methods may pioduce prolonged sepsis, which, in turn, 
may result in precipitation of cardiorenal failure 

In small children, due to technical difficulties, inability to secure good 
cooperation, and the necessity of repeated anesthesia, I believe open operation 
IS the procedure of choice 

Transitie final Manipulations — In our experience the use of single and 
multiple catheters has been most successful, with minimal complications There 
IS some difference of opinion regarding the value of mechanical stone removers 
We agree with Coppridge,^® who believes their use should be restricted to 
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stones in the lowei third of the ureter (Fig 2) 

Although it requires more patience on the part of 
the surgeon and the patient, it is usually safer to 
continue with repeated manipulations and dilata- 
tions with catheters than to attempt forcibly to 
remove the stone by any method employing 
traction 

Recent lepoits in the hteratuie reemphasize 
to us the importance of conservative procedures 
Perforation of the ureter has been reported by 
Councill,^^ Rusche and Bacon and Vickery 
Wishard^"^ has reported a case of incarceration 
of a stone basket in the uretei due to a broken 
wire 

The large number of instruments available 
today for the removal of stones in the ureter attest 
to the fact that no one instrument 01 method is 
suitable in all instances 

Our current treatment of upper and miduret- 
eral stones is, in the absence of complications, a 
policy of watchful waiting If the calculus is i cm 
in diameter, or less, and is moving spontaneously 
down the ureter, manipulative treatment is de- 
layed until the stone reaches the pelvic portion 
Then the use of multiple catheters or a basket extractor is advised If the 
stone in the upper or midureter is producing complete obstruction, as evi- 
denced by intravenous urography, then surgical intervention is advocated 

Calculi m the intramural segment of the ureter present a characteristic 
picture on cystoscopic examination There is a bulging immediately above the 
Ureteral orifice and an area of bullous edema about the orifice itself In this 
group a meatotomy can be performed and the stone withdrawn by use of the 
spiral extractor 

If the intravenous urogram demonstrates considerable dilatation of the 
ureter above the calculus, only a meatotomy is performed, and manipulation 
IS avoided In such instances manipulation may result in dislodging the stone, 
"which may slip up to the kidney pelvis Prostigmine is used for a period of 
24 hours to aid in the expulsion of the stone 

Although we are very enthusiastic regarding manipulative management of 
ureteral calculi, it is our impression that this method may be advocated too 
extensively, and that it is frequently employed in cases where surgical inter- 
vention would lessen the hardship on the patient and be attended with a lower 
mortality and morbidity 

Operative treatment — Spinal anesthesia is the anesthesia of choice for the 
surgical removal of stones from the ureter Immediately before operation it is 
advisable to check the location of the calculus roentgenographically This is a 
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fundamental rule, but too frequently it is omitted and the surgeon finds that 
the stone has slipped into the bladder or back into the kidney during the night 
before operation Such errors of omission are inexcusable and subject the 
patient to needless loss of time and hazards of operation 




f 



Fig 3 — Incisions for removal of calculi m various portions of ureter (A) Stones in 
lower ureter, (B) stones in midureter, (C) stones in upper ureter 



Fig 4 — Technic for removal of calculus in lower ureter 
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A muscle-splittmg operation and extrapentoneal approach are utilized in 
removing stones from every point of the ureter (Figs 3, 4, 5). The type of 
approach reduces pulmonary and circulatory complications, m view of the fact 
that patients are ambulant m five or six days Incisional herniae are also 
1 educed by this procedure. 



Fig 5 — ^Incision for removal of stone m mid and upper ureter 


There is one operative procedure for the removal of a stone from the 
lower ureter that has received but scant attention This is vaginal uretero- 
lithotomy If the calculus can be palpated upon vaginal examination it may 
be readily removed by this route (Figs 6, 7, 8) We have observed no fistula 
formations, or other complications, following this surgical procedure 

Complications must be considered when methods of removing calculi are 
carried out The choice between radical and conservative treatment of the 
hydronephrotic kidney is influenced upon the extent of renal function impair- 
ment and the status of the other kidney A draining ureteral fistula, or a 
pyonephrotic kidney may make nephrectomy or nephroureterectomy impera- 
tive However, many kidneys with varying degrees of hydronephrosis will 

265 



HIGGINS AND WARDEN 


Anna!* of Bursary 
February 1S48 



266 



Volume 127 
^ umber 2 


URETERAL CALCULI 


return to an amazingly good state when the obstruction is removed and drain- 
age established 

Certainly, dogmatic statements specifying indications are unwarranted, but 
in our experience operation has been resorted to for the following reasons 
(i) repeated failure of manipulative methods, (2) impassible obstructions due 
to stones that cannot be moved, (3) renal infections which endanger the life 
of the patient by temponzation , (4) associated pathology which makes instru- 
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Fig 8 — Closure of incision in vaginal wall 


mental attempts technically impossible (urethral strictures, hypertrophy of 
prostate, etc ) , (5) upper urinary tract pathology, which itself requires sur- 
gery , and (6) patients who cannot tolerate transurethral manipulation 

During the past decade three series of ureteral stone cases have been 
reported at Cleveland Clinic (Table IV) 


Ta»jle 



COMIAKISON 

OF FINDINGS IN 

THREE SERIES OF CASES 


Senes 


Spontaneous 

Expelled after 

Surgical 

Cases 

Expulsion % 

Manipulation 

Interference 

1-1939W 

251 

43-17 1% 

37-14 7% 

171-68 4% 

2-1942 

350 

66-18 9% 

56-16% 

228-65 1% 

3-1946 

256 

29-11 3% 

149-58% 

78-30% 


CONCLUSIONS 

1 ^ Investigation of the numerous etiologic factors in each ureteral stone 
case is important 

2 The plan of management for each case must be individualized 
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3 In our experience ureteral catheter manipulations are superior to 
mechanical stone extractors, although the latter are a valuable adjunct in many 
instances 

4 The current trend at Cleveland Clinic in the treatment of ureteral cal- 
culi IS definitely toward conservative management by manipulation rather 
than by open surgery 
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CAEOTID BODY TUMOES* 

William S. MacComb, M D. 

New Yoek, N. Y. 

From the head and neck service, memorial hospital, new york city, n \ 

Carotid body tumors rarely are seen on the surgical services of most 
hospitals In 1935, Peterson & Meeker^ presented before the New York 
Surgical Society a series of 18 such tumors, collected from seven hospitals of 
New York City. At that time, none were listed from Memorial Hospital. Since 
I 937 > patients have been treated for carotid body tumors, on the Head and 
Neck Service of this Institution 

The first report of a tumor of carotid body origin to appear in the American 
literature was that by Scudder,^ in 1903 Since then a survey of the literature 
shows an accumulation of nearl)'' 300 tumors of this type Many single case 
reports have been listed The largest individual series has been that from the 
Mayo Clinic, published m 1941, by Harrington, Clagett and Dockerty ^ Twelve 
patients of their series of 20 had been reported previously by Rankin and 
Wellbrock ^ 

As the anatomy and histology of the carotid body have been described fre- 
quently they will not be discussed at this time 

Embryology — There is no unanimity of opinion as to the developmental 
anatomy of the carotid body Theories of origin are that it arises from (i) the 
epithelium of the pharynx, (2) the endothelium or adventitia of the carotid 
artery, and (3) the embryonic ganglion cells of the sympathetics 

Function — ^The exact function of the carotid body still has not been estab- 
lished definitely For many years there was believed to be an internal secretion 
from this gland The chromaffin granules of the carotid body were considered 
as at least precursors of epinephrine, but this theory now has been disproved 
In the human, the carotid body can be found m not more than 25 per cent 
of autopsy specimens 

An article on the functions of the carotid and aortic bodies from the 
Department of Pharmacology of the University of Pennsylvania was pub- 
lished in 1940 The authors, Schmidt and Comroe,® have made extensive inves- 
tigations of the functions of the carotid body in the dog They conclude that 
the major function of the carotid body, and probably of the aortic bodies, is 
due to the presence within them of chemoreceptors which respond to chemical 
changes in the blood 

Reflex receptors in the carotid body seem to be specialized to respond to 
changes in the oxygen tension of the blood, whereas cells of the respiratory 
center respond to changes m the carbondioxide tension The hydrogen ion may 
he an important factor in regulating chemoreceptor activity Schmidt and 
Comroe’s® experiments indicate that “the activity of the receptors can be 

* Read before the New York Surgical Society, April 10, 1946 
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altered by a variety of chemical agents including all the usual products of tissue 
metabolism . ” Recent workers agree that carotid bodies and aortic bodies 

are not "chromaffin” in the usual sense, which is further evidence that they 
may not be related to the sympathetic nervous system According to the Mayo 
Clinic report of 1941,^ “the carotid body is no longer considered part of the 
internal secretory system and the function whatever it may be, is negligible 
since both carotid bodies can be enucleated without any manifest symptoms 
Pathology — Most carotid body tumors appear to be benign in nature, yet 
some authors have stated that as many as 50 per cent are malignant Although 
eight of the 18 tumors of the series from New York Hospitals had been 
diagnosed as malignant, Peterson and Meeker’^ considered their malignant 
status to be uncertain In the Mayo Clinic Series ten of the 20 tumors weie 
found on microscopic examination to be malignant In the Memorial Hospital 
Series of ten patients, five tumors were reported to be malignant and five 
were benign In the case of bilateral tumor, both were malignant 

Microscopically, the benign tumors are found to be extremely vascular 
Small cells predominate m a uniform pattern and fibiosis is less pronounced 
In the more malignant group pleomorphism occurs The cells contain small 
nuclei Invasion of the capsule and of lymphatics is found A few tumors of 
this group are extremely fibrotic in character 

Incidence — Carotid body tumors occur most frequently in the third and 
fourth decades of life, with no predominance in either sex The present series 
of ten patients is composed of seven males, the youngest being 24 years of age, 
the oldest 57 years , and three females, the youngest 20 years of age and the 
oldest 31 years The average age for the entire group is 36 years In this group 
SIX had tumors on the left side , three on the right side , and one was bilateral 
Symptomatology — The usual complaint of the patient suffering from a 
carotid body tumor is the presence of a “mass” or “lump” m the neck Fre- 
quently It has been found that the tumor had been observed first some yeais 
before and that the patient came for treatment because he believed the mass 
had increased in size This was the only symptom in six patients of the 
present series In three patients, however, the presence of a pharyngeal mass 
was the chief complaint Although a similar enlargement was found on exam- 
ination of a fourth patient he was not aware of its presence The average 
duration of the presence of the tumor in the neck for this group was five years 
On admission, two patients were found to have a Horner’s syndrome and two 
had paralysis of a vocal cord Another patient of the group associated systemic 
symptoms of malaise, mild headaches, depression and occasional febrile reac- 
tions with the increasing size of the neck tumor, but it seems unlikely that these 
attacks were caused by the tumor itself 

Diagnosis — Gordon-Taylor® has said that carotid body tumors are rarest 
of all tumors in the neck In the period of nine years, when the present senes 
of ten carotid body tumors was being accumulated, an average of 1,200 new 
patients were examined in the Head and Neck Department of Memorial Hos- 
pital The possibility of an unexplained cervical growth being a carotid body 

270 



Volume 127 
Number 2 


CAROTID BODY TUMORS 


tumor IS evidently small However, m the present senes, foui correct clinical 
diagnoses were made In three of the foui, the diagnoses were confirmed 
pathologically by aspiration biopsy In the remaining six patients of the 
series, aspiration biopsy was performed, but it was impossible to obtain suffi- 
cient tissue for diagnosis The first patient with a carotid body tumor \\as 
admitted to the clinic in 1937 An aspiration biopsy was performed and an 
erroneous diagnosis of “carcinoma, possibly thyroid” was made However, 
when the second patient m the series appeared, a clinical diagnosis of carotid 
body tumor w as made and confirmed by pathologic examination It has been 
stated by some authors that aspirating such a vascular tumor would be an 
extremely hazardous procedure but this supposition has not been proven at 
Memorial Hospital 


TREATMENT 

Most authors agree that carotid body tumors should be removed surgically 
Yet, the necessity of ligation of the common and internal carotid arteries occurs 
so frequently that because of the high postoperative mortality it might be better 
to refrain from this procedure, w^ere it possible to be certain of the benign 
nature of the tumor The possibility of a benign tumor later becoming malig- 
nant must be kept in mind however Goodof and Lischer’’’ have published an 
article describing a carotid body tumor in a 47-year-old Negro The cervical 
grow'th measured six centimeters in diameter The blood Wassermann was 
positive, and antiluetic therapy w^as instituted After two months of treatment 
the patient failed, to return. Fifteen years later he was readmitted to the same 
institution in cardiac failure The cervical tumor had grown to twice the size 
of that recorded on the first examination At autopsy, a tumor, similar in 
character to the carotid body tumor was found m the pancreas Mitotic figures 
w'eie present in both tumors The authors considered the neoplasms to be 
multicentric in origin The cause of death was unrelated to the presence of 
either tumor 

Mortality rates for surgical excision of carotid body tumors, with ligation 
of the common and internal carotid arteries, are reported from 0 to 100 per 
cent Such results demand careful consideration before an operation is under- 
taken which may require resection of the carotid arteries Postoperative disa- 
bilities are estimated to be as high as 83 per cent They consist of temporar)'^ 
or permanent hemiplegia and the effects of injuries to the cervical sympathetic, 
hypoglossal or vagus nerves 

In the present series of ten patients the carotid body tumor was resected 
I'lthout injury to the arteries in only three instances In the other seven 
patients it was necessary to include the carotid arteries in the resection of the 
tumor There were four postoperative deaths, occurring in 30 hours, tw^o days, 
five and five days, respectively Hemiplegia preceded death in each instance 
In one patient ligation of the common carotid caused a convulsion, followed 
by hemiplegia on the operating table, although a Matas’ band had been applied 
for compression of the common carotid three days before the major operation 
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was performed In this case, it seems likely that cerebral anemia caused the 
convulsion and hemiplegia, though the patient was only 31 years of age The 
postoperative mortality rate for the seven patients requiring removal of the 
carotid arteries is 58 per cent Of the total group of ten it is 40 per cent 
Recurrence of the tumor takes place m about seven per cent of the patients, 
according to Phelps and Snyder ® Recurrences are possible when the capsule 
is invaded or the entire tumor is not removed The latter condition may be the 
result of attempting to dissect a closely adherent tumor from the arterial wall 
One tumor of the piesent series recurred and was again removed surgically 
The patient died at home with extensive recurrences in the cervical region, but 
unfortunately an autopsy could not be obtained 

Fatalities following carotid ligations are usually the result of insufficient 
collateral cerebral circulation or an ascenOing thrombosis in the internal carotid 
artery 

External compression of the common carotid artery, as described by Matas, ^ 
is undoubtedly of value in testing for the efficiency of the collateral cerebral 
circulation Dandy^° has emphasized the fact that if a patient cannot withstand 
the Matas test an immediate total occlusion of the carotid artery should not 
be done 

The use of increasing penods of daily external compression may be of 
some aid in improving the compensatory flow of blood through the circle of 
Wilhs but some authors question the value of this procedure 

Dandy’^® has stated that “a high percentage of patients, regardless of age 
(but certainly increasing with age) will not tolerate total ligation of the carotid, 
but by partial closure of the carotid the cerebral collateral circulation becomes 
quickly established, and complete closure can be safely concluded later ” He 
advocates the use of a double strip of fascia lata to attain partial closure of 
the common carotid artery 

An ascending thrombosis in the internal carotid artery theoretically is 
caused by the trauma to the intimal wall by the application of the ligature This 
injury may be prevented by the interposition of a strip of fascia lata between 
the ligature and the wall of the artery, as advised by Dandy 

Heparin has been used in four patients on the Head and Neck Service fol- 
lowing ligation of the carotid arteries during the removal of the metastatic 
cancer No fatalities have resulted There was one disability which consisted of 
temporary partial paralysis of an upper extremity In this patient fascia lata 
had also been used in ligation of the internal carotid Heparin was used also m 
three instances of this series of carotid body tumors In one patient there were 
no postoperative complications In the other two patients hemiplegia had 
already developed before the heparin was administered, and, therefore, the 
drug was ineffective 

CASE EEPORTS 

Case 1 — W M , a 47'year-old white male, was admitted to the Clinic, in June, i937i 
and had been aware of a “lump” in the left neck for ten years It had been increasing in 
size for the last three years Examination revealed an 8-cm , smooth ovoid mass over 
the left carotid bulb The patient also had a constriction of the left pupil 
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Tissue was obtained for pathologic examination on the second aspiration It W'as 
diagnosed as carcinoma — possibly of thyroid origin 

In view of the pathologic leport, a course of roentgenotherapy w'as started After 
two-thirds of the treatments w'ere administered without regression of the tumor, roentgeno- 
therapy w’as abandoned in favor of surgery 

Operation was performed August 27, 1937, under local anesthesia The tumor, at 
operation, could not be dissected free of the carotid arteries The common carotid was 
compressed for 20 minutes without apparent ill effect Then all three carotids were 
ligated and removed wuth the tumor The hypoglossal and superior laryngeal nerves were 
sacrificed 

There w'ere no postoperative complications The Horner’s syndrome persisted The 
9th, Toth, and 12th cranial nerves show'ed evidence of paralysis 

The pathologic report was carotid body tumor No malignant changes were noted 


Case 2 — A P , a 24-year-old wdiite male, was admitted to the Clinic, January, 1940, 
and had had a “lump” in the left neck for tw'o j'ears, and associated systemic symptoms 
of malaise, headache, depression and occasional febrile reactions, with the increasing size 
of the tumor Examination revealed a S-cm ovoid mass beneath the angle of the right 
lower jaw The clinical diagnosis w'as Hodgkin’s disease or carotid body tumor 

Sufficient tissue for pathologic examination w'as obtained on the third aspiration It 
was reported as carotid body tumor 

At operation, January 28, 1940, under local anesthesia, an intricate plexus of blood 
vessels was found covering the tumor mass, and the common carotid artery, and extended 
over the sternomastoid muscle and the strap muscles of the neck A Cnle clamp was 
placed on the common carotid artery After 15 minutes ligation was completed The 
sympathetic cervical chain w'as sacrificed 

The postoperative course w'as uneventful A Horner’s syndrome was the only abnor- 
mality noted 

Pathologic study revealed carotid body tumor, wuth malignant changes Eleven 
months after operation the patient returned with a node at the operative site He did not 
return for another six months At that time, the mass measui ed S cm , and presented in 
the pharyngeal space Aspiration biopsy suggested recurrence 

Second operation — October 9, 1941 The second operation w'as done under sodium 
pentothal The mass was intimately associated with the wall of the esophagus and extended 
to the level of the first cervical vertebra Eight gold seeds (ii me ) were placed at this 
level Pathology reported the grow'th as recurrent carotid body tumor, with vein and 
node invasion 

There were no immediate postoperative difficulties Six months later, many large 
nodes were found in either side of the neck The patient complained of headache, double 
vision, and generalized symptoms The 6th cranial nerve was involved, and it seemed 
likely that the disease had entered the base of the skull The patient died at home a year 
after the second operation , two years after the first No autopsy could be obtained 


Case 3 — A D , a S7-year-old white male, was admitted to Clinic m November, 1940 
We complained of a mass in the left neck of 14 years’ duration, which had recently become 
tender Examination revealed a smooth ovoid mass of 5 cm over the carotid bulb Aspir- 
ation biopsy was negative A clinical diagnosis of branchiogenic cyst was made Three 
^ore attempts were made unsuccessfully to obtain diagnostic tissue by aspiration Clinical 
'agnosis of carotid body tumor was made at this time 

Operation was performed under local anesthesia, November 22, 1940 The tumor was 
removed without ligation of the carotid arteries or sectioning of nerves 

The pathologic report was carotid body tumor, without evidence of malignant change 

“ M B , a 44-yeai-old white male, was admitted, July', 1940, complaining of a 

welling m the left neck of six months' duration Examination revealed a smooth ovoid 
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mass of 4 5 cm over the left carotid It had the consistency of a metastatic node Because 
the left tonsil was enlarged and firm, the patient was advised to enter the hospital to have 
it removed for biopsy This the patient refused to do 

It was SIX montns before he returned At that time, because of the slow growth of 
the tumor, a diagnosis of carotid body tumor was considered The original aspiration 
biopsy was reviewed and the diagnosis of carotid body origin was considered possible A 
second aspiration at this time gave a more typical picture of a carotid body tumor 

Operation was performed, under local anesthesia, in July, 1941 A Crile clamp was 
applied gradually over a period of eight minutes, without any ill effects All three carotids 
were ligated and removed with the tumor The patient’s immediate postoperative condi- 
tion seemed good, but he never regained complete consciousness, and developed hemiplegia 
within 12 hours He died on the sth postoperative day 

The pathologic report was carotid body tumor, with malignant changes 

Case 5 — A C, a 31-year-old white male, was admitted to Clinic in February, 1942 
He complained of a mass of the left neck of three years’ duration Examination revealed 
a firm mass of 6 cm in the left upper neck The left pharyngeal wall presented a non- 
ulcerating, bulging mass extending from the nasopharynx to the tip of the epiglottis Both 
masses seemed to be a part of the same tumor A provisional diagnosis of carotid body 
tumor was made, and confirmed by aspiration 

Operation — March 30, 1942 Under local anesthesia, the common carotid artery was 
compressed by a Matas band This operation was preceded by three days of intravenous 
sodium thiosulfate (i gm in 10 cc daily) No symptoms resulted from the carotid com- 
pression 

Four days later, April 3, 1942, the tumor was removed The procedure was carried 
out under local anesthesia The common, external and internal carotid arteries were 
ligated and the vagus and hypoglossal nerves cut Fifteen minutes after the carotid was 
sectioned, the patient had a convulsion, and a complete right-sided paralysis developed 
There was no thrombus in the common carotid at this time Hemiplegia was probably due 
to incomplete blood supply to the brain The patient died 48 hours postoperatively 

Pathologic report on the operative specimen was carotid body tumor, with no sug- 
gestion of malignant change Permission for autopsy could not be obtained 

Case 6 — F S , a 31-year-old white female, was admitted to the hospital, m April, 
1942 She had been referred by her local physician for removal of a tumor beneath the 
right lower jaw Examination revealed a firm ovoid node, about 25 to 3 cm in size 
Aspiration biopsy was attempted but no tissue was obtamed 

The tumor was removed under local anesthesia, April 24, 1942 A great deal of 
fibrous tissue surrounded the mass In dissecting around the carotid bulb the thinned-out 
artery wall was irreparably damaged A sponge clamp applied to the common carotid 
artery early in the operation had been in place 45 minutes when the hemorrhage occurred 
There were no circulatory disturbances All carotid arteries were ligated 

There were no postoperative difficulties until 36 hours after operation, when the 
patient developed a right hemiplegia Heparin had not been administered until the paral- 
ysis developed The patient died on the 5th postoperative day Permission for autopsy 
was not obtained 

The pathologic report was carotid body tumor It was benign 

Case 7 — M V , a 29-year-old white male, was admitted to the Clinic, in July, 1943 
He complained of a “swelling” in the left neck of one year’s duration He had previously 
been treated in another hospital for tuberculous osteomyelitis Examination revealed a 
node, 3 cm in diameter, in the left submaxillary region and a smaller node anterior to it 
The provisional diagnosis was tuberculous adenitis 

The tumor was removed, August 8, 1943, under local anesthesia, without ligation of 
the carotids or sectioning of nerves 
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There were no postopeiative complications The patient was free of disease when 
last seen. 

The pathologic report was carotid body tumor It was benign 

Case 8. — J D V , a 20-year-old white female, was referred to the hospital from a 
local clinic, in September, 1944 She had noticed a small “lump” beneath the angle of the 
left lower jaw a year and one-half previously A biopsy had been taken from the naso- 
pharynx and reported as transitional cell epithelioma. Grade 2 A few roentgen ray treat- 
ments had been administered before she was referred to Memorial Hospital 

Examination revealed a bulging, nonulcerating mass of 4 cm in the posterolateral 
pharyngeal wall, which seemed a part of the mass present in the right neck The patient 
had a right Horner’s syndrome The nasopharjmgeal biopsy from the local clinic was 
reviewed by the Pathology Department, but the diagnosis of epithelioma could not be 
confirmed Two attempts to obtain tissue by aspiration were unsuccessful 

Operation was performed, September 25, 1944, under sodium pentothal A tracheos- 
tomy was established first The tumor, measuring 6 cm , was removed The vagus and 
hypoglossal nerves were sacrificed The tumor was dissected free of the carotid arteries 
Aside from signs of vagus and hypoglossal paralysis, there were no postoperative sequelae 

The pathologic findings were carotid body tumor and lymph node, showing metastasis 
or extension The tumor was malignant m character She recently reports improvement 
in difficulty in swallowing There has been no recurrence of the disease 

Case 9 — A T , a 20-year-old white female, was admitted to the Clinic, in June, 1943, 
for a “lump” m the right neck of two years’ duration Biopsies of the tonsil and the neck 
node had been made at another hospital A telephone report of hyperplastic lymphoma of 
the tonsil was received, but no report concerning the neck node could be obtained Exam- 
ination revealed a mass, 5 cm x 2 5 cm , in the right tonsillar fossa The right vocal cord 
was paralyzed and the right arytenoid edematous A large subdigastric node, 4 cm x 3 
cm, was present on the right side Other smaller nodes were present on both sides of 
the neck A provisional diagnosis of lymphosaicoma was made Chest roentgenograms 
and blood studies were normal The Kline test was three plus 

Attempts at aspiration and open biopsy of the neck node yielded no diagnostic tissue 

For seveial months the patient received treatment for lues and active gonorrhea at 
another hospital 

Operation was performed. March 19, 1945, under sodium pentothal, with a tracheos- 
tomy tube in place The vabus and hypoglossal nerves were sacrificed The carotids were 
sectioned The mandible was sectioned obliquely at the angle to permit extending the 
operation into the pterygomaxillary space 

Heparinization was begun postoperatively and was maintained for three days No 
hemiplegia developed Hoarseness continued The patient had considerable difficulty in 
swallowing 

The pathologic findings were carotid body tumor, with marked fibrosis and malignant 
changes There has been no recurrence of the disease to date 

Case 10 — E B , a 52-year-oId male, was admitted to the Clinic with a mass in the 
right neck which had been noted first 13 years previously It had been treated by local 
physicians, first, as an abscess by excision, which caused profuse bleeding, then, as tuber- 
culous adenitis by roentgenotherapy In May, 1945, he was referred to Memorial Hos- 
pital Examination showed a 6-cm tumor m the right lateral pharyngeal wall It pul- 
sated on palpation A 3-cm mass was present in the region of the right carotid bulb A 
similar mass was present over the left carotid bulb There was paralysis of the right 
side of the larjmx Only blood was obtained on aspiration The clinical impression was 
schwannoma 

Operation was performed under local anesthesia, July 15, 1945 It was necessary 
to hgate the carotids and sever the vagus Following this procedure the blood pressure 
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dropped and respirations ceased Artificial respiration was administered The patient was 
returned to the ward in poor condition, and was placed in an oxygen tent There was 
evidence of left-sided hemiplegia immediately following operation Heparin was admin- 
istered postoperatively On the evening of the day of the operation paralysis developed 
on the opposite side He expired 30 hours postoperatively 

The pathologic findings from the operative and autopsy specimens were bilateral 
carotid body tumor, with structure in places malignant in each of the tumors 

Tablc I 

SUMMAR-i or MEMORIAL HOSPITAL 
SERIES OF CAROTID BODY TUMORS 


IQ37-I045 

I Incidence 

A Number of patients 10 

1 Male 7 

2 Female 3 

B Average of patients 36 years 

1 Oldest 57 years 

2 Youngest 20 years 

II Distribution 

A Right-sided 3 

B Left-sided 6 

C Bilateral 1 

D Recurrent 1 

III Symptoms ' 

A Cervical tumor 6 

B Cervical and pharyngeal tumor 4 

C Nerve involvement 

1 Vagus 3 

2 Cervical sympathetic chain 2 

3 Hypoglossal 0 

IV Diagnosis 

A Correct preoperative — clinical 4 

B Correct preoperative — pathologic 3 

V Treatment 

A Preoperative roentgenotherapy before diagnosis of carotid body tumor 3 

B Surgical operation 10 

1 Carotid arteries ligated ' 7 

a Total 7 

b Partial 1 

2 Nerves were sectioned 

(a) Vagus (2 right, 2 left) 4 

(b) Cervical s> mpathetic chain 2 

(c) Hypoglossal 4 

VI Pathology 

A Benign 5 

B Malignant S 

VII End-results 

A Number living S 

B Death from disease 1 

C Postoperative death (40%) 4 

D Rate of mortality following carotid resection 58% 


CONCLUSIONS 

Carotid body tumors are difficult to diagnose preoperatively Aspiration 
biopsy oflfers a possibility of obtaining enough tissue to permit histologic diag- 
nosis of carotid body tumor, although the pathologist usually is unable to 
determine from the small amount of tissue available, whether or not the tumor 
IS malignant 
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The high mortality of ligation of the common and mteinal carotid aiteiies 
IS caused either by inadequate collateral cerebral circulation, or to an ascending 
thrombosis of the internal carotid artery Hemiplegia occurs immediately in 
the former incidence, and in the latter 30 to 36 hours postoperatively 

If one could be certain that a carotid body tumor was benign in natuie, it 
might be wise to keep the patient under observation and refrain from the use 
of surgery unless the increasing size of the tumor caused symptoms of 
piessure 

When a cai otid body tumoi is to be 1 emoved surgically, the patient should 
be hospitalized for a peiiod of observation and preparation for operation The 
Matas test should be utilized to determine collateral cerebial circulation and, 
if necessary, a paitial occlusion should precede the total occlusion and removal 
of the tumor 

The use of heparin postopeiatively is suggested as a possible means of 
pi eventing an ascending thrombosis in the internal carotid artery 
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MESENCHYMOMA, THE MIXED TUMOR OF 
MESENCHYMAL DERIVATIVES* 

Arthur Purdy Stout, M D 
New Youk, N Y 

Most of the tumors which presumably are formed from the cellular 
denvatives of the mesenchyme assume a guise which should enable one to 
recognize their nature microscopically and to label them with a properly 
descriptive name It is important that this be done, for the different types of 
tumors are affected by irradiation in varying degrees and pursue biologic 
courses which differ one from the other so that the treatment best designed 
to produce favorable results is not the same in every case During the past 75 
years knowledge concerning those tumors, which are composed of cell masses 
more or less resembling the various denvatives of the supportive and reticulo- 
endothelial tissues, has slowly accumulated and criteria now exist for recog- 
nizing malignant neoplasms composed of lipoblasts, synovioblasts, rhabdomyo 
blasts, and several others, and the terms hposarcoma, synovial sarcoma 
rhabdomyosarcoma, etc , can be used instead of such vague and inaccurate 
names as spindle-, round-, and giant cell sarcoma Correct labelling has per- 
mitted the accumulation of case histones of the tumors and there now exists 
a body of experience which serves as a guide to treatment 

Unfortunately these tumors of mesenchymal derivation do not always grow 
m a pure form In the first place their cells may lose the special features 
which characterize them as formers of fat, muscle, synovial tissue, etc , and 
take on the function of making connective tissue fibers In tumors like the 
synovial sarcoma such cells are always present and form an integral part 
of the tumor (Haagensen and Stout, 1944) In others, such as the Iiposar- 
coma, this feature is found in only a few of the neoplasms In an occasional 
neoplasm, bone, cartilage, or both of them in differentiated form, may be 
found in the f rame\^ ork of the tumor as v as the fact in Case 40 of the group 
of liposarcomas reported by the writer in 1944 

Another confusing situation arises when a preexisting lesion composed of 
heterotopic tissue suddenly develops a malignant neoplasm The best example 
of this is the development of a sarcoma in an area of myositis ossificans 
When this occurs, the differentiated bone and cartilage of the myositis ossifi- 
cans may give rise to pure osteogenic or chondrosarcoma (Mallory 1933) or 
they may be intermingled with a malignant mesoblastic tumor of some unre- 
lated type such as a reticulum cell sarcoma, as occurred in one of our cases 
Since some atrophic or degenerate stnated muscle fibers may also still be 
present, the resulting admixture of all these may provide a most confusing and 
complex histologic picture but because the bone and muscle are not neoplastic 

* From the Surgical Pathology Laboratory, College of Physicians and Surgeons, 
Columbia University, and the Department of Surgery, Presbyterian Hospital, New 
York, N Y 
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and do not play an active role in the neoplasm, it cannot be considered as a 
true mixed tumor 

In addition to such vagaries of the growth of single cell tumors with meta- 
plasia, there occur a variety of tumors in various parts of the body m which 
two or more tissue forms participate m the formation of both benign and 
malignant tumors Many of those are composed of both epithelial elements 
as well as mesodermal derivatives such as the adenofibromas of the breast, the 
adenosarcomas of the kidney and the mixed tumors of mucous, salivary, 
lacrymal and sweat glands, to mention only three familiar types There are 
also a variety of others which seem to be purely mesenchymal and it is upon 
these that attention will be focussed in order to emphasize the fact that they 
may be found m regions of the body not commonly associated with them 

Most of these mixed mesenchymal tumors probably are initiated as a 
result of developmental faults and they may therefore be regarded as dysonto- 
genetic growths In one tumor form capillaries, adipose tissue and smooth 
muscle are all present together Such uncommon neoplasms are found usually 
in the muscles or subcutaneous tissues and either the blood vessels or the fat 
predominate with relatively small amounts of smooth muscle so that they are 
commonly labelled either hemangioma or lipoma (Stout, 1944) In a tumor of 
this sort described by Rocher and Uzac (1931 ) bone also was present So far 
as my knowledge goes such tumors are always benign 

The benign hamartomas of the lung sometimes fail to contain any epithe- 
lial elements and are made up of differentiated bone, cartilage, fat and myxo- 
matous tissue (McDonald et al 1945) There are also the fibrous and fatty 
pedunculated tumors of the skin which vary from tiny pedunculated growths 
to neoplasms of huge proportions These are usually called fibrolipomas or 
simply fibromas or lipomas depending upon which of the two tissues predomi- 
nates In the urogenital tract there are many benign mesodermal mixed 
tumors ivhich are believed to be congenital For example, there are benign 
mixed tumors formed in the kidney composed of mixtures of smooth muscle, 
fibrous and adipose tissue These have been collected by Colvin (1942), who 
suggests for them the infelicitous name of capsuloma because most of them 
are attached to the deep surface of the capsule Belonging in the same general 
category are the peculiar lipomas of the kidney capsule which contain areas of 
bone marrow' in an active stage of hematopoiesis (Stout, 1932) Takacs’ 
(1942) uterine tumor which he called mesenchymoma embryonale angioplas- 
ticum, Gaidner’s (1940) fibromyoma angiomatosum, Limburg’s (1942) 
lymphangiocystic fibioma of the uterus are all examples of the benign mesen- 
chymal mixed tumor 

In addition to these benign forms, there are also a number of malignant 
tumors of the urogenital tract Avhich are made up of a mixture of mesenchjmial 
derivatives Dreyfuss and Lubash in 1940 described w'hat the)' called a 
malignant mixed tumor of fourteen years’ duration and recent rapid growth 
attached to the spermatic cord. It w'as excised and recurred at once, leading to 
a second excision in tw'o months It w’as composed of both osteogenic sarcoma 
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and liposarcoma Amolsch ( 1939) , using the name mixed mesodermal tumor, 
described six cases of polypoid grow ths in the vagina and uterus of five adults 
and one child One w^as not followed, one was symptom-free tw'o years after 
the removal of a recurrence and the other four died of recurrences and 
metastases These tumors were made up of myxoma, chondroblasts and 
rhabdomyoblasts An example of a similar mixed mesodermal pedunculated 
tumor attached near the trigone of the bladder of an 83-year-old man has been 
recorded by Hirsch and Gasser (1944) It contained cartilage, osteoblastic 
tissue, myeloid cells and rhabdomyoblasts The patient died five days after 
its removal Other cases are referred to in their paper The whole subject of 
the malignant mixed mesodermal tumors of the urogenital system has been 
comprehensively review'ed hy McFarland (1935) who concludes that they 
can best be explained on the basis of dj'sontogenesis Examples of similar 
growths in the female mammary gland without epithelial elements are dis- 
cussed m the paper by Hill and Stout ( 1942) These cases have all been found 
in the urogenital tract and breast One of the purposes of this paper is to 
emphasize the fact that malignant tumors of this variety are not confined to 
these tracts but have appeared elsewhere 

The cases of this sort to w hich attention is here directed are all potentiall)' 
or actually malignant neoplasms composed of two or more cellular types any 
one of which, if taken by itself, might be considered a primary malignant 
neoplasm It is unfortunate that proof of malignancy is lacking in all but 
three of these cases, yet know mg from experience the malignancy of the indi- 
vidual component parts of the other cases, it seems scarcely necessaiy’- to ques- 
tion their potential malignancy As will be shown, every tumor differs from 
every other one in its cellular composition , thej' are alike only in the fact that 
all are actually or potentially malignant, all are mixed tumors compounded of 
cells and tissues of a variety ordinarily derived from primitive mesenchyme, 
not one of them can be fitted into the standard recognized varieties of sarcoma, 
and each one would have to receive a diflferent compound name if they w^ere 
to be designated by a term recording all of the component parts 

Table I show's the extraordinary' breadth and variety of the tumor types 
found together in the eight cases Almost all of the know'n varieties of malig- 
nant mesodermal neoplasms are represented w'lth tw o cases show'ing five types 
— one show'ing four types, tw 0 having three types, and the rest tw'o each Per- 
haps one should not be too much surprised at these' compounded growths 
After all, the mesenchyme is an extremel)' versatile tissue, which in orderh' 
development produces the normal prototypes of all of the tissues of which these 
malignant cells are the grotesque caricatures It is surprising only, it seems 
to me, that there are not more tumors show mg such admixtures When one 
considers the performances of the tumoral derivatives of the neural crest 
which can reproduce in tumor form such mesenchymal tissues and cells as 
reticuhn, striated muscle, fat bone, cartilage and possibly kidney blastema, 
the productions of the mesenchjmal cells seem the work of amateurs (Mas- 
son, 1938, Stout, 1946, 1947) 
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Some of the reports fiom the literature dealing with isolated cases of this 
sort show that the authors usually recognized their complex nature and had 
thoughts about their origin somewhat similar to those expressed above Speder 
and Lafforet (1937) described a huge tumor of the posterior surface of the 
thigh which weighed 1 1 9 kilos and was composed of areas of lipoma, osteoma, 
chondrosarcoma and osteogenic sarcoma It metastasized to the mandible 
where it grew as a fibrosarcoma They recorded the fact that M E Polosson 
in his These de Lyon, 1925, proposed for similar giant tumors the name 
“coiijontivome” which he stated had long been applied to branchiomas of the 
face and neck Speder and Lafforet emphasize that these tumors are charac- 
terized by long slow growth and a sudden change to malignancy Gilinour’s 


Table I — Histopathologic Composition of Mesenchymomas 
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(^943) patient had a tumor of the back which, during the course of 20 years, 
recurred locally six times and was apparently a hposarcoma showing erythro- 
blastic activity He suggested that it could be called a mesenchymoma An- 
other case which may possibly belong to this group is that of Rabson (1938) 
who, using the teim “multiple mesenchymal hemendothelioma” described a 

bS-year-old man who died with multiple vascular neoplasms throughout 
the body 

In addition to blood vessels and primitive mesenchyme, bone and hema- 
topoietic tissues \\ ere observed The tumors at least demonstrated the potency 
of the mesenchyme to form tissues of differing types The group of cases of 
oxtraskeletal ossifying tumors collected from the literature and from the Bone 
Sarcoma Registry of the American College of Surgeons b} Wilson (1941) 
probably includes some malignant mesodermal mixed tumors, but it is impos- 
'’ible to be sure, for the bone was such a predominant feature that the other 
components of the tumors weie refeired to onl} as lound and spindle cells 
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and their analysis not attempted Case 8 in the present group has already 
been reported by Donovan and Santulli (1946) The authors got the name 
mesenchymoma from the pathologic report of Dr Dorothy Anderson included 
in their paper It was suggested to Dr Anderson by the writer 

The names most favored by the authors of these papers are mesenchymoma 
or mesenchymal or mesodermal mixed tumor Because the name mixed tumor 
has become so closely associated with the mixed tumors of the mucous, sali- 
vary, lacrymal and sweat glands and has also been used for other mixed 
tumors of the urogenital system and breast which contain epithelial structures, 
the writer feels that it is safer to use the word mesenchymoma to designate 
them This word has had some fascination for other authors who, not realizing 
that It had already been preempted for use in describing malignant mesenchy- 
mal mixed tumors, have applied it to other growths Thus Novak (1940) 
used it to describe the group of theca and granulosa cell tumors of the ovary 
and Tauber, Goldman and Bassett (1938) suggested it for what is probably 
an epithelioma of the skin 


CASE HISTORIES 

Case 1 — N M (48362-50371), white male aged 77 years Three weeks before 
admission a painless swelling appeared in the right buttock On examination a deep mass 
measuring 10 x 7 cm was found S/23/32 the mass was “shelled out” from its position 
deep to the gluteus maximus muscle and superficial to the fascia covering the pynformis 
10/7/32 a local reappearance in the operative scar was removed with some of the sur- 
rounding muscle This was ineffectual and 1/21/33 a tlnrd attempt removed a tumor 6 cm 
m diameter from the region of the pynformis and other external rotator muscles and the 
sciatic nerve Postoperative radiotherapy did not check the persistent local extension of 
the tumor which eontinued until he died in a nursing home in September, 1934 It is 
unknown whether or not there were distant metastases The original tumor and the first 
recurrence showed areas of fibrosarcoma and liposarcoma The second recurrence showed 
a definite osteogenic sarcoma with areas of fibres ircoma and probably leiomyosarcoma 
(Figs I and 2) 

Case 2 — S (51071-75921), white unmarried English valet aged 45 years He 
was first admitted to the Presbyterian Hospital 4/17/33 with a mass in the anterior 
region of the right thigh which had remained the size of a walnut for 4^2 years but 
during the preceding six months had increased rapidly until it had reached dimensions 
of 14 X ro X 5 cm At operation the next day a fusiform knobby firm mass was found 
in the rectus femoris muscle near its junction with the tendon It was removed with some 
of the surrounding muscle Function was relatively good postoperatively because the 
crureus and vastus muscles compensated for the loss of the rectus He remained well 
for more than five years when he developed cough and hemoptysis Roentgenogram 
was suggestive of neoplastic lung involvement and he was treated with roentgenotherapy 
in the autumn of 1938 The disease progressed slowly and some doubt was felt about the 
nature of the process in the lung until 10/7/40, 754 years after operation, when a broncho- 
scopic biopsy showed tumor He then went steadily downhill as the tumor spread in his 
lungs in spite of a small amount of roentgenotherapy He died 12/24/40, seven years and 
eight months after the tumor was first removed and over twelve years after its presence 
was first noted The original tumor showed a growth made up of juxtaposed areas of 
osteogenic- and chondrosarcoma, reticulum cell sarcoma, leiomyosarcoma, and an angio- 
matoid proliferation of capillaries The bronchus metastasis showed only the tumor 
reticulum cells (Figs 3, 4, and 5) 
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Fig I — Case i Mesenchyoma of deep gluteal muscles 



Fig 2 — Case i J*Iesench} moma of the deep gluteal tissues At the left an area of 
partly differentiated hposarcoma, in the center is differentiated fibrosarcoma These tivo 
are from the pnmarv tumor At the right is an area of osteogenic sarcoma from the 
«econd recurrence 
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Case 3 — D C (72197) A 70-year-oId married Hebrew pattern grader had noted 
a swelling of the posterior surface of the left lower thigh 4 months before admission to 
the Presbyterian Hospital It appeared shortly after he experienced a sharp pain in the 
left calf When the pain stopped the tumor remained symptomless and apparently sta- 
tionary in size When exam ned the mass was veiy firm, irregular in outline, deeply 



Fig 3 — Case 2 Mesenchymoma of rectus femoris muscle 



Fig 4 — Case 2 Mesenchymoma of the rectus femoris muscle' At the 
left an area of osteogenic sarcoma, in the center chondrosarcoma and at the 
right reticulum cell sarcoma 


attached and measured 16 x ii cm Roentgen examination was negative At exploration 
10/13/39 It was found that the tumor lay m the muscles and deep to them A biopsy 
alone was taken Roentgenotherapy was given through a posterior and two lateral portals 
A total of 8200 r measured in air was given from 10/19/39 to 2/5/40 The factors were 
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a fibrosarcoma and a reticulum cell sarcoma (Fig 6) (Case mentioned in Stout, A P , 
Sarcomas of the Soft Parts J Missouri State Med Assoc, 44 32^-334, 1947 

Case 4 — (P &S 254457), white female age 62 years She suffered for two years 
with backache and was treated with "ovarian hormone” During the last seven months 
of this period there were attacks of more and less severe vaginal bleeding and when 
some masses of necrotic tissue were passed a leiomyosarcoma of the uterus was suspected 
from histologic examination A total hysterectomy was done without removing the 
tubes and ovaries The uterus measured 8 5 x 5 2 x 4 cm Its cavity was dilated and 
filled with friable necrotic tumor which invaded the myometrium almost reaching the 
serosa The growth was largely leiomyosarcoma with one portion composed of rhabdo- 
myosarcoma (Fig 7) (Courtesy of Dr A O Severance, Nix Hospital, San Antonio, 
Texas) This uterine case is an example of the malignant mixed tumors of the urogenital 
tract and therefore does not properly belong among the others It is included solely for 
comparison 



Fig 7 — Case 4 Mesenchymoma of the uterus At the left leiomyosarcoma, 
at the right rhabdomyosarcoma 


Case 5 — (P &S 24674) ALA male Italian American student age 15 years 
Four weeks before admission a mass was noted m the right antero-lateral neck region 
It measured 5x3x3 cm At operation its upper end was adherent near the angle of the 
mandible and its lower pole was adherent at the level of the thyroid cartilage It extended 
from the anterior border of the sterno-mastoid muscle to within 2 cm of the midhne 
The external carotid artery passed through it and was resected with it The operator 
felt that it was completely removed It varied in consistency from almost cartilaginous to 
fleshy A series of twenty postoperative x-ray treatments were given from 5/3/46 to 
6/12/46 to the right and left sides of the neck, 2950 r to each, 9}4 months after excision 
there was no evidence of recurrence This tumor showed areas of hemangiopericytoma, 
leiomyosarcoma and undifferentiated myxoid tissue (Fig 8) (Courtesy of Dr G Y 
McClure, Grasslands Hospital, Valhalla, NY) 

Case 6 — (P &S 24830) A white male age 51 years The presence of a mass m 
the nght lung field had been known for four years It was discovered when a roentgeno- 
gram was taken during an influenzal attack, and was thought to be a cyst When a repeat 
roentgenogram showed that it had doubled m size, operative removal was undertaken At 

286 



Volume 127 
Number 2 


MESENCHYMOMA 


operation an encapsulated mass measuring 103x35x75cm was removed from the 
fissure between the upper right and middle lobes The tumor was a mixture of fibro- 
sarcoma, hemangiopericytoma, hemangioendothelioma, liposarcoma, and myxoma (Case 
of Alston and Paulson) 



Fig 8 — Case 5 Mesenchymoma of deep tissues m the lateral neck At the 
left hemangiopericytoma and at the right leiomyosarcoma 



Fig 9— Case 7 Mesenchymoma of the leg At the left rhabdomyosarcoma 
and at the right fibrosarcoma 


Case 7— (P&S 25181) Female 35 ± years old An encapsulated nodule was 
r moved from the leg “over the tibia” for cosmetic reasons It measured approximately 
4 X II mm It was made up of a mixture of rhabdomyoblasts and fibrosarcoma (Fie 
9) (Courtesy of Dr Philip Rosenblatt, the Jewish Hospital, Brooklyn, NY) 
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Case 8 — (91982) A si\-year-old white boy came to the Babies Hospital, New 
York, because an epigastric mass had been felt on physical examination one week before 
The mass lay to the left of the midline, was continuous with the liver and measured 
6 cm in diameter Roentgen-ray showed that the stomach was compressed and displaced 
laterally by the mass 12/7/44 at operation the mass replaced most of the left lobe of the 
liver projecting from its under surface The left lobe was resected There were no 
evidences of recurrence two 3'ears after operation The tumor was made up of myxoid 
areas, angiomatous parts and tissue suggesting liposarcoma (Fig 10) (Case reported 
by Donovan and Santulli) 



Fig 10 — Case 8 Mesenchymoma of the liver At the left myxoma, m the middle 
hemangioma and at the right liposarcoma 


This group of malignant mixed mesenchymal tumors is of considerable 
interest because it proves that such amalgamations are not always confined to 
certain definite regions where congenital malformations are to be expected 
such as the urogenital tract and breast but may be found in other organs and 
the soft parts '\^'hether or not all of them are dysontogenetic growths starting 
from congenitally misplaced mesenchymal cells is impossible to prove and 
remains a pure speculation From whatever cells they may arise, there is 
some support for the belief that metaplasia plays some part in their develop- 
ment There is, for example, the classical experiment of Carey (1921) who 
succeeded in transforming the normal smooth muscle cells of the urinary blad- 
der into striated muscle cells by repeated emptying and filling and there are 
countless examples of heterotopic bone and cartilage formation due to physico- 
chemical changes in the environment If such metamorphoses can occur in 
non-neoplastic cells, it is not difficult to suppose that it may occur in neoplasms 
It w ould be most reasonable perhaps to call such neoplasms mixed tumors 
but if that IS done it requires another adjective to differentiate them from the 
epithelium-containing mixed tumors for which that name has long been used 
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and “mesenchymal mixed tumor” seems an unnecessarily cumbersome term 
The word mesenchymoma has already been applied to these tumors by some 
authors and this appeals to the writer as proper and pertinent. It is necessary 
to indicate by an adjective whether a given tumor is benign or malignant, since 
both varieties of the tumor are formed The group of cases here reported are 
all malignant mesenchymomas 

So far as treatment is concerned, it is obvious that early and radical exci- 
sion IS essential even if this means amputation The writer once again wishes 
to emphasize the importance of biopsy before treatment in all tumors of the 
soft parts Only by learning beforehand the natuie of the growth can the 
form of therapy offering the best hope of cure be undertaken at the outset If 
the first attempt is inadequate and fails, it is seldom indeed that subsequent 
attempts will succeed no matter how radical they may be 

SUMMARY 

A group of several unusual malignant neoplasms is reported, each one of 
which IS composed of a mixture of malignant tumor forms derived fiom the 
mesenchyme and amalgamated into a single mass Most of these arose in the 
soft parts Such tumors belong to a group called mesenchymomas of which 
there are both benign and malignant forms and which are more commonly 
observed m the urogenital tract and breast 
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LINGUAL GOITER 

REPORT OF THREE CASES 

Emil Goetsch, M D. 

Brooklyn, N Y 

FROM THE DEPARTMENT OF SURGERY OF THE LONG ISLAND COLLEGE OF MEDICINE AND 
THE LONG ISLAND COLLEGE HOSPITAL, BROOKLIN N 1 

Thyroid anomalies occuirmg m the tongue are of interest to the surgeon 
not only because of the practical problems involved m their surgical treatment 
but also because of their embryologic origin and the various parenchymatous 
changes to which they are subject The favored site for the occurrence of 
thyroid tissue m the tongue is at its pharyngeal portion in the region of the 
foramen caecum Aberrant thyroid glandular tissue rarely occurs in the body 
of the tongue Tumors arising from this misplaced thyroid tissue have been 
described and reported under the designation of lingual thyroid, lingual goiter 
or thyroid tumor at the root of the tongue These terms are often further 
qualified by aberrant or accessory The term lingual thyroid is correctly used 
when there is a thyroid gland in the neck and when the lingual tissue functions 
as accessory thyroid Lingual goiter should be applied to hypertrophic thyroid 
tissue at the base of the tongue in those instances of nonmigration of the thyroid 
anlage from the region of the foramen caecum 

In an unusually comprehensive review Montgomery^* ^ gathered all the 
cases of lingual thyroid nodules reported m the literature through 1936, of 
which there were 231 possible cases, and of which only 144 were personally 
authenticated and accepted by him Of these 144 cases there were 142 instances 
in which the lesion occurred on the dorsum of the tongue and only two instances 
in which the thyroid tissue developed in the body of the tongue Among these 
lingual thyroid nodules, there was one case of his own, reported by Montgomery 
The criteria of authenticity accepted by him were ( 1 ) the examination of the 
specimen removed which should reveal thyroid gland tissue, or in lieu of this 
requirement, (2) thyroid insufficiency should supervene following removal 
of the nodule, and, finally, (3) the lesion should appear in the substance of 
the tongue between the epiglottis and the circumvallate papillae 

Montgomery reported only those cases in which the lingual thyroid tumor 
was causing symptoms The incidence of thyroid tissue originating in the 
median anlage and not producing symptoms will doubtless never be established 
Montgomery’s^ review subsequently appeared in a monograph to which refer- 
ence should be made for an analysis of case reports appearing in the literature to 
1936 Shortly after this review appeared, Buckman^ published a summary of 
case reports to and including 1935 He included m his tabulation 242 cases 
including one of his own There is a marked discrepancy m the number of 
cases reported by these two authors This is probably due to the fact that the 
criteria of authenticity adopted by Montgomer}*^ were evidently not those of 
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Buckman who included at least 32 cases in his series which did not meet the 
criteria of Montgomery 2 

It seems that Hickman’s^ case of congenital tumor of the base of the tongue, 
published in 1869, and authenticated by Montgomery, is the first case on record 
of a lingual thyroid nodule Bernays,® in 1888, removed a lingual thyroid tumor 
substantiated by histologic examination A fairly extensive search of the liter- 
ature revealed approximately 14 cases of lingual thyroid nodule for the period 
1936 to 1945, inclusive Some of these case reports are unusually brief and 
lacking in sufficient pathologic data to be completely authentic Some possibly 
have escaped notice because they were published under designations other than 
lingual thyroids 

It is the purpose of this report to review three cases of lingual goiter oper- 
ated upon by the author, at the Long Island College Hospital They are added 
to the cases reported m the literature in the hope that they may prove of interest 
not only because of their symptomatology and surgical treatment but also in 

view of their histologic findings 

« 

CASE REPORTS 

Case 1 — Miss A L , age 30, stenographer, was first seen February 2, 1933 She was 
admitted to the Long Island College Hospital February 4, 1933, and discharged February 
18, 1933 

The principal complaints included difiiculty in swallowing, severe choking attacks and 
a change in the voice Since her childhood the patient’s voice had been husky, low-pitched 
and “throaty” Swallowing was accomplished with increasing difficulty This caused her 
to “gulp” her food Frequent attacks of choking were provoked by swallowing solid foods 
Eating became a source of great anxiety During the past four years, there had been a gradual 
loss of 12 pounds in weight Two years previously, she had had a severe choking spell, 
caused by eating a sandwich She had become extremely nervous and because of belching 
and certain abdominal complaints, appendicectomy was performed The choking attacks 
gradually became more frequent and more serious, and she had to resort to free draughts 
of water to aid in swallowing Four months previously, she had had an alarming attack 
following the eating of an apple, and this was followed three days later by another attack: 
Shortly before her first visit, she had had a severe choking spell, unprovoked by eating 
For a considerable period, there had been a constant feeling of “tightness” m her throat, 
and during the choking attacks she suffered from severe dyspnea and palpitation. She 
became “panicky” and at times felt that she was “passmg-out ” 

Normal menstruation began at the age of 12 During the six months previous to her 
examination, the menstrual periods had become irregular, scantier, and of two days’ duration 
Her general health had been good 

The patient was an alert, well-nourished, undersized young woman, whose speech had 
a peculiar “throaty” quality The ocular reactions were normal, the palpebral clefts were 
approximately equal and there was no exophthalmos With the tongue protruded well 
forward a submucosal nodule approximately the size of a golf ball, was located centrally 
on the dorsum of the tongue posterior to the region of the foramen caecum It protruded 
from the surface, impinged upon the posterior pharyngeal wall and continued downward 
to the tip of the epiglottis, markedly compromising the pharyngeal air space With the excep- 
tion of a few irregularities, the surface of the tumor was smooth It was red in color and 
appeared hypervascular It was impossible by laryngoscopic examination to obtain a view 
of the larynx which was obscured by the superimposed mass A small papilla, centrally 
located on the superior surface of the tumor, was noted. It was firm, elastic in consistency 
and measured 2 mm in diameter A diagnosis of lingual thyroid nodule was made 
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The general physical examination was negative A cervical thyroid gland could not 
be palpated In the midline of the neck, above the hyoid bone, a diffuse prominence suggest- 
ing pressure from the throat was seen There was no tremor The pulse was 82, the systolic 
blood pressure 110 mm Hg , and the respirations 20 per minute Weight 112 pounds The 
temperature averaged 97 8® F The blood counts and the hemoglobin determinations were 
all within normal limits 

The urine was negative The basal metabolic rates taken on two successive days were 
-22 per cent and -21 4 per cent, respectively A comparison of the patient’s height with that 
of both parents, two adult sisters and one brother revealed that she was definitely under- 


sized and the smallest in the entire family 

0/>erafioH— -February 6, 1933 Partial excision of a lingual thyroid, under ether anes- 
thesia Preliminary hypodermic injections of morphine were administered The patient 
became drowsy and the pulse depressed, m keeping with the increased response to morphine 
and ether in patients with hypothyroidism as compared to those with hyperthyroidism 
Ether vapor was administered through a nasal catheter The head was placed in full hyper- 
extension Three sutures of braided silk were used , one was placed through the tip of the 
tongue and one on each side posteriorly through the entire substance of the tongue By 
traction upon these sutures the tongue could be drawn out and with digital pressure the 
tumor could be brought well forward and satisfactorily exposed The nodule was approxi- 
mately as large as an ordinary egg and was covered by the mucous membrane of the tongue 
It was oval in shape with its long diameter running anteropostenorly At the anterior pole 
a definite dimple indicating the position of the foramen caecum was recognized The over- 
Ijnng mucous membrane was bright red in color and large veins were seen coursing over 
the lateral margins of the mass Occasionally, the respirations became somewhat embar- 
rassed due to pressure on the epiglottis and larynx The difficulty was overcome by exerting 
digital pressure behind the tumor Four heavy, braided, transfixion ligatures were placed 
transversely through the substance of the tongue below the tumor mass The farthest 
posterior was placed with some difficulty immediately above the epiglottis With good 
exposure obtained, a lenticular incision was made on each lateral margin of the tumor 
beginning well posteriorly and carried forward so that the junction of the two incisions 
included the foramen caecum A margin of mucous membrane, three-quarters of a centi- 
meter in width, was allowed to remain attached to the lateral borders of the tumor Imme- 
diately under the mucous membrane of the tongue, the surface of the tumor was exposed 
It appeared to be glandular tissue of pink color and cellular appearance The tumor was 
clearly defined from the normal lingual musculature of the tongue and had a limiting 
membrane or pseudocapsule A generous wedge of tissue was removed by cutting downward 
slightly beyond the midportion of the tongue In order to avoid complete excision margins 
of glandular tissue on the lateral aspects were allowed to remain Hemorrhage was not 
extensive The heavy transfixion sutures, previously placed through the tongue and beneath 
the tumor, were then snugly tied Additional approximating sutures of chromic catgut 
were used The transfixion sutures were left long for purposes of traction in case of emer- 
gency The tongue now appeared somewhat edematous but there was no serious respiratory 
embarrassment 

Immediate inspection of the specimen showed that it included the foramen caecum The 
parencyma of the tumor resembled that frequently seen in a partially degenerated adenoma 
of the “fetal” type It had a glistening, relatively homogeneous, pale-yellowish appearance 
and contained a moderate amount of colloid Toward the anterior pole of the specimen, 
there was*an area of degeneration Specimens of the tumor were placed in formalin 

Postoperative Course — Recovery was uneventful The rectal temperature was 101 8° F 
and the pulse 122 on the evening of the day of operation Five days after operation, under 
light anesthesia, the silk transfixion sutures were removed The patient was discharged 12 
days after operation, with normal temperature, pulse and respirations The basal metabolic 
rate on February 16th was -32 9 per cent 

Gross Pathology specimen of a lingual thyroid tumor weighed eight Gm , and 
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measured 2 5 x 3 x 3 cm The superior surface was covered by mucous membrane and pre- 
sented a slightly lobular, irregular surface On the superior surface, eccentrically placed, 
there was a minute depression which probably represented the site of the foramen caecum 
On the inferior border of the specimen, some reddened, hemorrhagic muscle fibers were 
seen The cut-surface of the tumor proper presented a lobular appearance, a pinkish-yellow 
color and a smooth homogeneous structure grossly resembling the appearance of a fetal 
adenoma A moderate amount of stroma was present and in one area the tissue resembled 
the appearance of normal thyroid gland 

Microscopic Evannnahon — The superior surface of tlie section was covered by normal 
stratified squamous epithelium characteristic of the lingual mucosa Toward the anterior 
extremity of the specimen a blind tract was seen leading downward a considerable distance 
below the surface This tract represented the foramen caecum and the rudimentary thjro- 
glossal duct (Figs 1 and 2) Below the lingual mucosa there was a wide zone of hyahmzed 
fibrous tissue, which anteriorly contained groups of epithelial cells, some of which were 
seen to form small and large colloid-containing follicles characteristic of normal thyroid 
tissue The acini were of irregular size, without definite architecture, and were lined by 
cuboidal or low columnar cells, the nuclei of which were deeply stained A pink-staining 
colloid filled the follicles 

In the fibrous zone adjoining the capsules of the several nodules composing the tumor 
proper, lamellated layers of thjroid follicles fairly normal in appearance were seen Imme- 
diately under the capsules there was a distinct difference in the type of tissue composing 
the nodules It very closely resembled that frequently seen in fetal adenoma (Fig 3) The 
bulk of the nodules was composed of large numbers of small and medium sized follicles 
simulating the appearance of normal thyroid but without definite architectural arrange- 
ment (Fig 4) Toward the center of the tumor there was an area of degeneration in which 
the follicles were quite irregular in shape and varied greatly in size They were separated 
by a fibrous and myxomatous ground substance, such as is often seen in adenomatous goiter 
(Fig 5) In the center of the largest nodule composing the tumor there was an area of 
fibrosis, necrosis and hemorrhage 

In the area of greatest depth of the tumor the thyroid tissue appeared as solid groups 
or cords of cells and as large numbers of very minute follicles with a sparse intervening 
stroma This tissue presented no definite architecture The nuclei were deep-staining and 
hyperchromatic The parenchyma presented the appearance characteristic of the cellular 
fetal adenoma (Fig 6) 

The deeper portions of the rudimentary thyroglossal duct were lined bj' transitional 
epithelium possessing a ciliated border (Fig 7) In the fibrous tissue surrounding the duct 
there was a considerable infiltration of lymphoid cells Pathologic Diagnosis Lingual 
goiter of the fetal adenomatous type 

Ptogicss Notes — March 6, 1933 Since her discharge from the hospital February 
18th, the patient had been taking thyroid extract one gram twice daily She was conscious 
of some tightness in her throat The voice was clear, and a slight Chvostek sign was noted 
on the left side The pulse was 92 There was no tremor Her weight was 106 pounds The 
basal metabolic rate was “IS per cent Two thyractm tablets, containing one-half gram 
of thyroid extract each, were prescribed daily 

March 27, 1933 A small, rounded elevation was noted at the site of the original tumor, 
and the operative incision had almost entirely healed The pulse was 90, and the weight 
107 pounds 

April 10, 1933 The patient had been taking one-half gram thyractm tablets twice 
daily for the previous 35 days As a result, she became more energetic and alert, and felt 
generally improved The voice was clear, she swallowed with ease and stated that she had 
lost the taste of sweet but not of sour articles There was a slight increase m the pulse rate 
to 96 beats per minute Her weight was 106 5 pounds, and the basal metabolic rate had 
increased from “15 per cent to +7 4 per cent During the following two months, the therapj 
was reduced to one-half gram of thyroid extract per day Because of some nervousness it 
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Fig I — Case i Photomicrograph of a sagittal section through the 
entire specimen of a lingual goiter from a woman 30 years of age Note 
anteriorly the foramen caecum (F) and the rudimentary thyroglossal duct 
Note the encapsulated nodules which showed multiple types of parenchyma- 
tous overgrowth and the large area of myxomatous degeneration in the 
center of the largest nodule The posterior pole (P) was transected and 
allowed to remain i« j-ifH (X4 5) 



Fig 2 — Case i Greater magnification, photomicrograph of an area of 
section shown in Figure i Note the irregularly- scattered thyroid follicles m 
the submucous fibrous zone and the various types of parenchymatous prolifera- 
tion in the encapsulated nodules composing the lingual tumor (Xp) 
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Fig 3 — Case i Photomicrograph of normal-appearing thyroid follicles 
in the fibrous stroma adjoining the capsule of the lingual nodule Below the 
capsule one sees a sudden transition to the fetal type of thyroid, often seen 
in adenoma of the cenncal thyroid gland (X 125) 



Fig 4 — Case i Photomicrograph illustrating a fairly normal type of 
thyroid parenchyma found in the lingual nodule The follicles vary greatly 
in size, the epithelial cells are cuboidal and the nuclei are rich in chro- 
matin Note the lack of definite architectural arrangement (X 125) 
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was further reduced to one-half gram of thjroid extract twice a week One month later, 
on July 8, 1933, the basal metabolic rate had fallen to -25 8 per cent Therapy with thyroid 
extract was increased to one-half gram on alternating days, for 14 weeks, after which, on 
October 19th, the patient was again examined She was greatly improved The clinical 
sjmptoms of h> pothvroidism had disappeared She was instructed to continue her previous 
medication After three months on this regimen, on October 12, 1933, the basal metabolic 
rate w'as -31 6 per cent Two months later (December 20, 1933) the rate was -13 7 per 
cent Thyroid extract in doses of gr 1 to gr 15 daily was prescribed The basal metabolic 
rate two years later, on December 19, 1935, was -5 6 per cent 

Revtstt — ^April 18, 1936 During the pre\ious three years, the patient had been given 
thjroid therap\ as indicated, and had felt rather well There were no signs of hypothy- 
roidism The throat appeared normal The menses had been normal The weight was 110 5 
pounds Thyroid extract gr 1, and lodostarme gr 5 daily were prescribed 



Fig 7 — Case i Photomicrograph shoiving the 
ciliated border of the transitional epithelium lining 
the rudimentary thyroglossal duct (X6oo) 


Rrvtsif — March 13, 1946 The basal metabolic rates taken on seven occasions, between 
Februarj, 1940, and March, 1945, varied beUveen -13 7 per cent and +10 per cent with an 
a\ erage of -8 2 per cent During the previous several years, her health had been good She 
continued her occupation as a secretarj-^ until Januarj", 1946, and then had felt unable to 
continue She had occasional periods of nervousness with a feeling of tightness of the throat 
She had married m March, 1937, four jears after her operation She became pregnant in 
Januarj , 1940 The pregnancj was normal, but the fetus, due to complications of the cord, 
died during the eighth month The menopause commenced in 1941, when the patient was 
39 j ears of age Thyroid medication had been continued in the dosage of gr 1 and gr 1 5, 
on alternating dajs during the preceding ten years with the result that she had continued 
to feel well The basal metabolic rates had varied during this time but were constantly 
shghtl> below' zero, between —2 and —10 per cent, but never reached the low of —17 and 
-20 per cent previously mentioned There had been no signs of hypoth} roidism Her weight 
was 117 5 pounds, which represented a gain of seven pounds since her visit in 1936 The 
throat was clear and there were no irregu’arities posteriorly on the dorsum of the tongue 
A slightiv positive Chvostek sign was elicited on the left 
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During her pregnancy she had experienced extreme numbness and pam m the hands, 
with lack of strength m the fingers The feeling of tightness m the throat, a mildly positive 
Chvostek sign and poor dentition with gum recession appeared to point to a very mild 
hypoparathyroidism, and a chemical examination of the blood revealed in milligrams per 
100 cc of blood Cholesterol 320, cholesterol esters 188, calcium 10 2, phosphorus 2 8, 
phosphatase 1 8 The basal metabolic rate was “14 per cent She had had no iodine medi- 
cation during the past several years l^Iedication with thyroid extract gr 1 alternating 
with gr 1 5 daily was advised together with dicalcium phosphate and calcium gluconate 
with vitamin D 

Comment — ^It would be correct to designate the lingual thyroid nodule in 
this instance as a lingual goiter, for on gross and microscopic examination it 
was found to have the structure, not of normal thyroid gland but of that com- 
monly seen in adenomatous goiter involving the cervical thyroid There was 
the tendency to the formation of nodules with pseudocapsules m which there 
was a scattering of small acini This might be interpreted as invasion The 
parenchymatous overgrow th showed a multiplicity of histologic pictures There 
were areas of normal-appearing tltyroid adjoining large areas of cellular hyper- 
plasia of the fetal pattern With and wnthout the formation of minute acini 
and wnthout definite architectural arrangement, these findings add to the diffi- 
culties of pathologic diagnosis 

The nodule must have been present since childhood, for m the early years 
the voice had been husky, swallowing w^as difficult and there had been frequent 
choking attacks There was evidently an associated hypothyroidism, for the 
patient w^as under-sized and, finally, wdien she presented herself at the age of 
30, her metabolic rate registered -22 5 per cent A cervical thyroid was not 
palpable The lingual thyroid w^as doubtless the only thyroid tissue the patient 
possessed because after partial excision of the tumor, a moderately severe 
hypothyroidism intervened It could hardly be called myxedema Therapy with 
thyroid extract in dosage of gr 1 twice daily w^as instituted immediately follow- 
ing operation After a brief interval symptoms of a mild hypothyroidism 
followed The basal metabolic rate over the years had risen from the preopera- 
tive level of —22 5 per cent to +7 4 per cent The maintenance dosage of thyroid 
extract was finally found to be gr 1 to gr 15 daily On this regimen her health 
was well-maintained for the past ten years or more The basal metabolic rates, 
determined annually during this period, averaged -6 0 per cent The patient 
was married in March, 1937, and became pregnant three years later It would 
appear that ovarian function had not been disturbed by the long period of hypo- 
thyroidism from which the patient had suffered 

Case 2 I C , a female child, age 12, was admitted to the Long Island College Hos- 
pital September 19, 1925, and discharged October 23, 1925 The chief complaints were 
s owness of speech and the presence of a tumor mass on the posterior dorsum of the tongue 

he family history was negative for thyroid or other endocrine disorders, and the patient’s 
general health had been good She began to walk and talk at the average age and did well 
at school Menses had not begun 

One month before the patient was admitted her father had had his attention drawn 
o a peculiarity m the child’s speech which sounded as though she “had something” m her 
mouth Upon examination of the child’s throat he noted a swelling at the base of the tongue 
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During the month preceding the child’s admission the swelling apparently had increased 
in size and the impediment m speech had become more noticeable There were no subjective 
sjmiptoms such as pain or unusual difficulty m swallowing 

The patient was a well-nourished girl with a somewhat apathetic expression She did 
not appear precocious, responded fairly readily and was evidently attaining puberty as 
evidenced by the appearance of axillary and pubic hair and by the normal development 
of the breasts She did not present appearances of any endocrine disorder 

Upon examination of the throat, with the tongue well protruded, a mass was revealed 
in the region of the foramen caecum The tumor occluded the space between the anterior 



Fig 8 — Case 2 Photomicrograph showing the sur- 
face mucosa and the submucous zone of lymphoid tissue 
overlying the lingual goiter from a girl 12 years of age 
Her principal complaint was an impediment in speech 
(X8s) 

tonsillar pillars and the soft palate Anteriorly it extended to the centrally located circum- 
vallate papillae and its base was almost equal to the width of the tongue itself The tumor 
was elevated from one-half to one centimeter above the surface of the tongue and was 
relatively smooth and dark-red in color It appeared to be highly vascular, as indicated 
bj many dilated veins on its surface The tracheal rings and the cricoid and thyroid carti- 
lages were readily palpated A cervical thyroid gland could not be palpated The abdomen 
was prominent, but otherwise negative The temperature was 99 6® F , pulse 96, and 
respirations 21 Blood pressure 95/55 Blood and urine examinations revealed nothing 
noteworthy 
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The impression gamed was that we were dealing witli an aberrant lingual thyroid 

nodule and the absence of a cervical tliyroid 

Biopsy of Lmgual Tmuor— September 21, 1925 Under ether anesthesia, the tumor 
at the base of the tongue was brought well into view by digital pressure deep in the pharynx 
Deep transfixion ligatures of medium size were placed around and below the midportion 
of the tumor, thus, circumscribing the area from which the biopsy was to be taken With 
each puncture of the needle, there was some brisk bleeding, controlled by simple pressure 
Incision was made over the dome of the tumor, which was covered by a thin layer of 
mucous membrane and apparently some fibers of the intrinsic muscles of the tongue After 
incision through the outer zone of the tumor a cellular, glandular-appearing structure was 
encountered A section was removed for microscopic study Ligation of the transfixion 
ligatures, previously placed, controlled all bleeding 



Fig 9 — Case 2 Photomicrograph of a section from the biopsy 
specimen of lingual goiter Note the epithelial cords separated by 
large sinusoidal spaces and without acinar formation , a picture not 
uncommonly found in fetal adenoma of the cervical thyroid. 
(X 300) 


Microscopic Examination — ^The biopsy showed a thick surface layer of stratified 
squamous epithelium characteristic of the lingual mucous membrane Immediately below the 
mucosa, there was a broad zone in which there was an abundance of lymphoid tissue in 
diffusely scattered areas and containing several unusually large lymphoid follicles (Fig 8) 
The tumor proper showed two types of epithelial structures In part, the tissue was 
composed of irregular, oval, and elongated groups and cords of cells separated from each 
other by minute connective tissue septa containing blood capillaries There was no attempt 
at the formation of follicles and nowhere was colloid to be seen The cells were fairly 
arge They showed finely granular cytoplasm with centrally placed large, rounded and 
oval nuclei, which were deeply stained and rather rich in finely granular chromatin 

The second type of tissue was characterized by irregular groups and cords of cells 
which were separated by rather large endothelial-lined sinusoidal spaces containing a few 
red corpuscles There was a minimum of connective tissue limng the cords and containing 
numbers of small blood vessels These cellular cords were composed of irregularly placed, 
c ear cells, with vacuolated, spongy appearmg cytoplasm The nuclei varied greatly in 
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size Some were strikingly large, rounded or oval, and rich in chromatin (Fig 9) Patho- 
logic Diagnosis Lingual thyroid tumor 

Recovery from the anesthesia and the ope'-ation was prompt There was a postoperative 
febrile reaction accompanied by swelling of the submaxillary nodes due to infection of the 
operative area A low grade fever continued for one week, followed by some necrosis and 
sloughing of tissue at the operative site Two weeks after the biopsy operation, the infection 
and edema of the tongue and submaxillary nodes were definitely subsiding The general 
condition of the patient was good There was no dysphagia but the impediment in the voice 
was more marked The sutures were extruded spontaneously 

Partial Excision of a Lingual Thyioid Tumol — October 16, 1925 The patient was 
anesthetized with ether vapor The jaws were held well apart by means of a mouth gag 
and the tongue was drawn well forward by means of traction upon a heavy silk ligature 



Fig 10 — Case 2 Photomicrograph showing the principal type of 
tissue of which the body of the lingual goiter was composed There is no 
tendency to the formation of follicles (X 30 o) 


through the tip of the tongue A satisfactory approach to the tumor was thus obtained 
The separation of a large piece of necrotic tumor tissue was followed by moderate bleeding 
By means of digital pressure the tumor was brought well into view It had a sessile base 
which was constricted by means of a circumferential suture placed as low as possible, 
whereupon, the large superior bulging portion was removed This was followed by a mod- 
erate amount of bleeding, which was controlled by long, transfixion ligatures the ends of 
which were brought out of the mouth The pharynx was then explored and it was found 
that the tumor extended posteriorly almost to the epiglottis and appeared to extend down- 
wrard into the right superior portion of the anterior cervical triangle It seemed that a 
more extensile removal of the tumor could only be accomplished by an external approach 
m the submandibular region The excised tissue which was firm, cellular and vascular, was 
composed of masses of parenchyma, resembling adenomatous thyroid A considerable 
residue of tumor necessarilj remained in situ The specimen was placed in formalin 

Pathologic Examination — Gross The specimen represented a portion of the tumor 
remoied from the base of the tongue It measured 4 cm in long diameter and 1 5 cm lu 
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width No capsule was evident and the tumor obviously had not been entirely removed 
The superior surface of the specimen was covered by an irregular mucous membrane with 
soft, nodular elevations Upon section, the central portion of the specimen was soft, semi- 
translucent and glistening and resembled m 3 'xomatous tissue In some portions of the 
tumor, small bundles of muscle fibers were seen A scant amount of connective tissue 
stroma was present 

Microscopically, sections of the tumor presented essentially the same structure as the 
biopsy There were two mam types of glandular epithelium The first composing the bulk 
of the specimen, was characterized by large gioups of cells and cords separated from each 
other by minute strands of connective tissue and narrow spaces lined by endothelium The 
protoplasm of the cells was abundant, homogeneous, finely granular and pink-staimng The 
nuclei were large, round or oval, ricli m chromatin and, in general, centrally placed m the 
cells There was no definite tendency to the formation of colloid containing alveoli (Fig 10) 



Fig II — Case 2 Photomicrogi aph showing another type of 
epithelial growth occurring in large areas of the lingual nodule Note 
the resemblance to the structure of parathyroid gland The prelim- 
inary diagnosis of parathyroid tumor was in error (X 30 o) 

The second principal type of glandular epithelium composing the tumor resembled m many 
respects the structure of parathyroid gland (Fig 11) The tissue was compact and com- 
posed of irregular groups of cells and elongated cellular cords separated from each other 
by a minimum of stroma and slit-like endothelial spaces The cytoplasm of the cells was 
fairly clear, finely granular, nonvacuolated, and the nuclei were large, centrally placed, 
rich m chromatin and dark-stammg There was no tendency to acinar formation and colloid 
was not visible These epithelial areas were circumscribed by wide zones of dense fibrous 
tissue m which were seen islands and cords of epithelial cells without definite organization 
The superior portion of the tumor showed a large, thick, superficial zone of granulation 
fissue containing extravasated blood and large numbers of polymorphonuclear leukocytes 
his superficial zone of infection resulting from the biopsy extended downward into the 
eeper portions of the tumor, and finally ended in a wide zone of dense fibrous tissue which 
circumscribed the glandular portions of the tumor proper 

section of the biopsy tissue, fixed in an osmic acid preparation and stained with acid 
uc sin and methyl green, showed numbers of small follicles and some fairly large ones 
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containing a green-staining homogeneous, vacuolated colloid The follicular cells were 
low columnar m type and contained a scant amount of cytoplasm m which could be seen 
an abundance of red-staming mitochondria The nuclei were pale, rather large, and situated 
centrally in the cells The larger colloid follicles showed a fair amount of papillary 
infolding of the walls The size of the cells, the papillary infolding of the walls and the 
occurrence of numerous mitochondria were indications of hyperplasia and hyperfunction 
of these areas of glandular epithelium Aside from a limited number of colloid vesicles, 
the bulk of the section was composed of groups of large epithelial cells without follicular 
formation They represented compact areas of parenchyma composed of groups of cells 
separated from one another by minute septa of connective tissue 

Sections of the tumor were submitted to Dr James Ewing who expressed the opinion 
that the tumor was of embryonal parathyroid type On the other hand, after further study, 
it seemed more likely that we were dealing with atypical fetal thyroid gland 

Postoperatively, the patient had a moderate amount of discomfort Swallowing soon 
became normal The convalescence was uneventful, and the patient was discharged October 
23, 1925, one week after operation at which time one transfixion suture was still in sttu 

Follow-up The child returned for examination five weeks after operation, when the 
single remaining transfixion suture was removed from the tongue Her speech was distinct 
and definitely improved At the base of the tongue a small mass of tumor of firm con- 
sistency could be felt The area of operation had healed and the patient was m good con- 
dition Further “follow-up” examinations unfortunately were not possible 

Comment The lingual thyroid nodule in the case of this young girl had 
produced an impediment in her speech She seemed somewhat apathetic and was 
probably not as alert as a normal child of her age The tumor was fairly large 
and extended from the dorsum of the tongue downward into the submandibular 
area The nature of the tumor was not clear The pathologic examination of a 
biopsy specimen and of the tissue removed by partial excision of the tumor 
revealed a structure in many respects resembling parathyroid tissue Dr James 
Ewing expressed himself as favoring this diagnosis However, after further 
careful studies it seemed more likely that we were dealing with an atypical fetal 
thyroid gland, in fact with a so-called fetal adenomatous goiter, as frequently 
seen in the cervical thyroid Such fetal types of adenoma often resemble the 
parathyroid in structure If this case had been one of parathyroid origin it 
would seem to be the second case m the literature, the first having been reported 
by Asch ° In Asch’s case tetany followed complete excision of the lingual thy- 
roid The post-operative course m the case just descnbed did not afford support 
for or against the likelihood of the tumor being of parathyroid nature In the 
first place, the excision was only partial and secondly, even though the two 
supenor parathyroids have in a few instances been described m relation to lin- 
gual goiter the inferior parathyroids, it seems, are found in their normal 
cervical position and for this reason radical removal of the tumor would prob- 
ably not be followed by tetany A late “follow-up” was not possible, but five 
weeks after partial removal there were no evidences of tetany or hypo- 
thyroidism 

Case 3 — G L, a school girl (Fig 12), eight years of age, was first seen June 19, 
1945, because of a tumor on the dorsum of the tongue The patient was admitted to the 
Long Island College Hospital, October 29, 1945, and discharged November 8, 1945, after 
11 da>s of hospitalization 
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The patient’s general health had been good Tonsillectomy had been performed at the 
age of two At this time the nodule on the dorsum of the tongue was not visualized In fact 
It was not recognized until about two months before her present examination when, during 
a routine physical examination by a pediatrician, an oval mass was noted at the base of the 
tongue After the lapse of a month, there had been no change in the size of the tumor One 
morning, two weeks later, a spot of blood was noted on the patient’s pillow The mother 
became alarmed and took the child to a local hospital where the nature of the mass was 
not recognized, but the possibility of “thyroglossal 
cyst” was mentioned The child characteristically 
consumed an unusually long time in mastication and 
deglutition and not infrequently would spend one 
hour to an hour and a half over a small meal She 
was disinclined to swallow or talk, and her voice 
had a somewhat nasal quality The appetite was 
poor She was undersized for her age and seemed 
not to be developing normally 

The patient was well-nounshed but appeared 
undersized There was some palloi of the skin 
which was of fine, thin texture She was bright and 
alert, somewhat shy and slow in speech but she had 
done well in school The eyes and ocular reactions 
were normal The gums and dentition were in good 
condition On the dorsum of the tongue, correspond- 
ing to the position of the foramen caecum, there was 
a sessile, rounded nodule, 2 cm in diameter and 
approximated the size of a large olive It was fairly 
smooth, somewhat reddened and showed several di- 
lated, superficial blood vessels The tumor was 
moderately firm and elastic The voice was clear 
and there was no unusual difficulty in swallowing at 
the time of the examination Her speech had a 
slightly nasal quality and there was a definite gulping 
effort when she swallowed She masticated thor- 
oughly and ate slowly The heart sounds were reg- 
ular in rate and rhythm She had a noticeably pro- 
tuberant abdomen Her weight was 53 pounds and 
she measured 114 cm in height A cervical thyroid 
was not palpable By indirect laryngoscopy, no evi- 
dence of laryngeal obstruction was found The tem- 
perature was normal The pulse averaged 85, the 
respirations were 22 and the systolic blood pressure 
was 100 mm Hg The basal metabolic rate was 
+i 4 per cent Chemical examination of the blood 
showed urea nitrogen 172 per cent, urea 368 per 
cent and cholesterol 271 tng per 100 cc 
Operation Excision of lingual thyioid — October 31 , 1945 A preliminary hypodermic 
injection of codeine sulphate gr 0 5 was administered Light anesthesia was begun with 
c oroform, followed by ether delivered by nasal catheters The patient was placed in a 
moderate Trendelenberg position with the head retracted The jaws were spread well apart 
y means of a mouth gag A stout ligature was placed through the tip of the tongue for 
pwposes of retraction Additional ligatures were placed in series of three through the 
a eral margins of the tongue By means of traction upon these sutures, the tongue could 
e rou^t well forward, whereupon a satisfactory view of the tumor was obtained Begin- 
ning in the region of the foramen caecum and extending backwards to the tip of the epiglottis, 
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Fig 12 — Case 3 Photo- 
graph of a child, eight years of 
age, who presented a lingual 
goiter, which caused dysphagia, 
hesitancy of speech and a nasal 
quality of the voice She was 
undersized, due, it appeared, to 
an associated mild hypothyroid- 
ism Note the protuberant ab- 
domen 
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an elevated bulging tumor the size of a large olive was visualized By placing the finger 
behind the nodule and pressing forwards, one gained the impression that the tumor was 
discreet and circumscribed Two transfixion sutures of medium size were placed through 
the deep substance of the tongue, one immediately anterior to the epiglottis and the second 
below the anterior pole of the tumor A lenticular incision beginning at the anterior pole 
and extending to the posterior pole was made on either side of the tumor The incisions 
were continued downwards to about the central portion of the tongue A residuum of tissue 
was allowed to remain at the posterior pole It was feared that a total resection of the 
tumor would remove all the thyroid tissue which the patient had There was a surprisingly 
small loss of blood The tumor had a fairly firm, elastic consistency and was a deep red 
color The parenchyma was granular and fragile In many respects it resembled normal 
thyroid tissue A few cystic areas of degeneration were encountered The superior surface 
of the tumor was covered by glistening mucosa in which there was a central small area, 
about 1 mm in diameter, presenting a somewhat translucent, brownish appearance A true 



Fig 13 — Case 3 Photographs of the gross specimen of 
tissue resected from a lingual thyroid tumor On the right the 
mucosa covering the tumor shows a minute dark area, indicat- 
ing the probable location of the foramen caecum On the left, a 
lateral view of the specimen 


depression or pit to indicate the position of the foramen caecum was not visualized Several 
superficial, bluish vessels were noted The edges of the wound were then satisfactorily 
approximated by means of chromic catgut sutures The deep transfixion sutures previously 
placed were then tied lightly across the line of incision as a precaution against postoperative 
bleeding The ligature through the tip of the tongue was allowed to remain for purposes 
of traction m case of postoperative difficulties The operation was well tolerated 

Pathologic Eramwatwn — Gioss The excised tumor (Fig 13) measured 2 3 cm m 
its anteroposterior diameter, 2 cm in its greatest transverse diameter and 1 4 cm in its 
vertical thickness On the superior surface there was a central rounded area measuring 
1 3 X 1 7 cm and co\ered with a glistening mucosa in which several small veins w'ere seen 
This rounded area was bordered by a margin of lingual mucous membrane The inferior 
margin of the tumor was limited by a zone of w'hitish fibrous tissue Incision into the tumor 
exposed a light pink, glistening, finely lobulated, glandular tissue of uniform character 
which gai e the appearance of normal colloid thyroid The stroma of the tumor was sparse 
and there were no areas of c>st formation, degeneration or hemorrhage 

Microscopic A sagittal section, representing the entire resected specimen was made 
(Fig 14) Anteriorly and posteriorly the lingual mucous membrane was fairly thick and 
composed of typical stratified squamous epithelium Oier the center of the tumor the 
mucous membrane was thinned out in a small area which corresponded approximately to 

306 



Volume 127 
Number 2 


LINGUAL GOITER 


the location of the foramen caecum In the thm submucosa there were groups of serous 
and mucous glands characteristic of the tongue Focal areas of lymphoid tissue were seen 
overlying the posterior portion of the nodule Everywhere the thyroid tissue composing 
the nodule was sharply defined from the musculature of the tongue, but nowhere was there 
a limiting fibrous membrane or capsule The posterior irregular limits of the resected 
specimen indicated the line of transection of the posterior pole which was allowed to remain 
in situ The bulk of the tumor was composed of large and medium-sized acini, which con- 
tained an homogeneous pink-stainmg colloid and which were lined by a single row of low 
cuboidal or flattened, granular or vacuolated follicular cells (Fig 15) The nuclei were 
rounded, oval or flat and pycnotic Here and there were small areas of hyperplastic- 
appearing follicles showing papillary infolding of the lining cells The interacinar stroma 
was scant throughout The blood vessels were small and few m number and there were 
no areas of degeneration or hemorrhage Pathologic Diagnosis Simple colloid goiter with 
small areas of hyperplasia 



Fig 14 — Case 3 Photomicrograph of a sagittal section of the resected specimen of 
lingual thyroid tumor, m the case of a girl eight years of age (Fig 12) The structure 
closely resembles that of simple colloid goiter Note the absence of encapsulation The 
dotted area (P) represents the posterior pole of the nodule, which was transected and 
allowed to remain vi situ to prevent postoperative myxedema (X 4 S) 


On the ninth da> following operation the patient was briefly anesthetized and the sutures 
which had not previously sloughed out were removed, thus clearing the entire operative 
area The posterior pole of the lingual nodule, which was spared, could be palpated The 
patient was discharged on the 11th postoperative day, with normal temperature, pulse and 
respirations Swallowing was comfortable and prompt 

Follow-up The patient returned for examination December 1, 1945, one month after 
operation There had been a gam of two pounds in weight, and she showed definite evidence 
of a mild hypothyroidism indicated by puffiness about the eyes, a sleepy appearance, cold 
hands and feet and a facial pallor She had complained of occasional sharp pains in the 
muscles of the neck and legs often seen m postoperative hypothyroidism The difficulties 
of deglutition had disappeared and her appetite had improved The throat was normal m 
appearance, there was no swelling at the base of the tongue and the area of operation was 
well healed The pulse was 84 The patient had returned to school 
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It IS interesting that the level of cholesterol increased from a preoperative level of 271 
mg per 100 cc of blood to 438 mg 

Five weeks after operation, on December 8, 1945, the basal metabolic rate was minus 
6 per cent It had thus fallen 5 4 per cent below the preoperative level In view of the mild 
hypothyroidism present the daily administration of one thyrothiamine tablet, containing 
one-half grain of thyroid extract, was prescribed 

The patient returned for further examination January 29, 1946, at which time it was 
stated that the former difficulties of deglutit on had been practically relieved There were 



Fig 15 — Case 3 Greater magnification, photomicro- 
graph of section shown in Figure 14 Note the large dis- 
tended colloid acini lined by a single layer of low cuboidal 
cells and the thin layer of mucosa covering the tumor 
(X 125) 


no complaints referable to the tongue and throat Five weeks of therapy with thyroid 
extract gr 0 5 daily had produced a striking change She was more animated and alert 
The slight puffiness of the face and eyelids, as well as the pains in the muscles, had disap- 
peared and the hands and feet had become warmer The pulse had increased from 74 to 102 
Her weight was 53 pounds, 3 pounds above the preoperative weight The continued adminis- 
tration of one-half gram of thyroid extract daily was advised 

On March 28, 1946, five months following operation and after three and one-half months 
of thyroid medication, she was in excellent condition There had been no return of the 
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manifestations of hypothyroidism and the pulse was 104 The throat was normal and there 
was no delay in swallowing The weight was 54 pounds The continued daily administration 
of thyroid extract gr 0 5 was advised 

During the following three months, the patient was kept in good health by the daily 
maintenance dose of one-half gram of thyroid extract She was growing noticeably, and 
her figure was becoming more slender There was no recurrence of the tumor The pulse 
averaged 96 At the time of her last visit, September 21, 1946, she weighed 57 pounds, having 
gained 3 5 pounds in three months Her height June 11th was 114 cm and September 21st 
was 123 cm , an increase of 9 cm m three and one-half months Thyroid gr 0 5 daily 
was continued 

Comment The lingual nodule in this girl, eight years of age, caused diffi- 
culty in deglutition, an impediment m her speech and finally a mild hemorrhage 
It was of homogeneous structure composed of a uniform hypertrophied thyroid 
tissue of the simple colloid type, as seen in the cervical thyroid It could, there- 
fore, correctly be called a simple colloid goiter The child was undersized and 
showed evidences of a mild hypothyroidism The goiter per se doubtless repre- 
sented the only thyroid tissue which the patient possessed, for after partial 
excision of the tumor, the local obstructive symptoms were relieved but a definite 
moderate hypothyroidism with an increase in the level of blood cholesterol 
ensued Excellent health was maintained with relief of all symptoms of hypo- 
thyroidism by the daily administration of one-half gram of thyroid extract 
She gained in stature and appeared to develop normally In retrospect, it would 
appear that this case undoubtedly might have been suitable for medical therapy 
such as one employs m the treatment of cervical colloid (endemic) goiter, 
namely, with minimal doses of iodine and adequate doses of thyroid extract 
If we had known the histologic character of the lingual nodule before operation 
and had instituted medical treatment with thyroid extract and iodine, there is 
reason to believe that a satisfactory reduction in the size of the tumor could 
have eventually been obtained without operation The length of time required 
may vary m the individual case 

Montgomery^ reported a case m which medical therapy was instituted How- 
ever, the period of the treatment was too brief to expect more than a limited 
reduction in the size of the goiter as contact with the patient was lost 

Discussion — ^There seems to be no general agreement among embryolo- 
gists as to the origin and development of the thyroid gland The origin of the 
lateral thyroid lobes and the part played by the ultimobranchial bodies in their 
development has long been a controversial subject It is not intended to discuss 
this difference of opinion in the space of this review but rather to refer to a 
brief recent account of the embryology of the thyroid given by Arey,"^ which 
IS probably accepted by most students of the subject 

The main mass of the thyroid gland develops from an evagination from the 
ventral pharyngeal wall, which becomes the thyroid diverticulum The latter 
quickly becomes a solid mass attached to the pharynx by a narrower neck Even 
at four weeks, the diverticulum may be bilobed The neck is known as the thyro- 
glossal duct for the reason that it temporarily connects the primitive thyroid 
with the tongue, at the aboral border of the tuberculum impar The thyroglossal 
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duct atrophies during the fifth week but its point of origin on the tongue, fre- 
quently indicated by an enlarged pit, is named the foramen caecum As soon 
as the thyroglossal duct is set free, the thyroid is converted into an irregular 
mass of epithelial plates Early in the seventh week, the gland becomes cres- 
centic in shape and comes to rest in a transverse position at each side of the 
trachea During the seventh week the ultimobranchial bodies, derived from the 
atypical fifth pharyngeal pouches, come in contact with the main thyroid primor- 
dium and fuse with it These ultimobranchial bodies rapidly lose their original 
identity and are transformed into thyroid tissue By the end of the fourth month 
the conversion into thyroid follicles is completed It is generally agreed that 
th 3 'roid tissue at the base of the tongue arises from the persistent median anlage 
or diverticulum which is derived from the ventral pharyngeal wall This point 
of origin is subsequently indicated by a pit called the foramen caecum On the 
other hand, some of the earlier anatomists (Keibel and Mall) ® inclined to the 
view that the ultimobranchial bodies constituted functionless rudiments and did 
not contribute to the formation of the lateral thyroid lobes Others (Noiris)® 
felt that it was not certain whether the lateral anlage atrophies or eventually 
becomes transformed into permanent th 3 ^roid tissue 

It is probable that functional thyroid insufficienc 3 f is responsible for man 3 ^ 
if not most of the simple hypertrophies of lingual thyroid tissue This view is 
supported by the fact that approximate^' two-thirds of the persons who have 
been reported as having a lingual th 3 'roid hypertrophy were without a demon- 
strable th 3 'roid gland in the neck Furthermore, just as in the case of simple 
hypertrophies of the thyroid gland in the neck so it is with the lingual thyroid 
tissue whose susceptibility to hypei trophy is very marked during the maturing 
periods of puberty and early adult life The etiology of those lingual nodules, 
presenting many of the changes characteristic of adenomatous goiter (Cases 
1 and 2) is not clear, but probably the result of factors similar to those causa- 
tive in the formation of the cervical thyroid adenoma 

In his critical analysis of 144 cases of lingual thyroid nodule Montgomery 
gives a detailed account of the symptoms, physical findings, patholog 3 ' and treat- 
ment It ma 3 ' be useful however to summarize these data and to add certain 
observations based on a critical stud 3 ' of the cases here reported At least 90 
per cent of the patients having a lingual thyroid nodule suffer from symptoms 
of pressure and obstruction such as dysphagia, dysphonia and dyspnea In the 
three cases reported there were extreme d 3 'sphagia, choking spells (Case 1) 
and hemorrhage (Case 3) Less frequently reported symptoms were fulness 
and a feeling of tightness in the throat (Case 1) Pain was not a symptom in 
an 3 ' of our cases Authoritative instances of hyperth 3 'roidism have not been 
reported in cases of lingual thyroid, nor was this present in our cases 

Th 3 'roid insufficienc 3 ' was reported in about 15 per cent of the cases analyzed 
1)3' Montgomer 3 ', and only one of these was in a male This finding was present 
m two of our patients (Cases 1 and 3) In both patients a cervical th 3 'roid 
gland was not palpable In none of the three cases was there any appreciable 
retardation of mental development Our three cases were in females This 
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bears out an interesting sex relationship In the recorded cases symptoms have 
been described as developing during puberty and adolescence in almost half 
the cases, and during adolescence and early maturity in about three-quarters In 
our cases symptoms began during childhood It is probable that the factors 
which are operative in producing hypertrophies and pathologic alterations in 
the lingual thyroid tissue, are the same as those causing the well-known changes 
in the cervical thyroid In the recorded cases the disturbed menstrual function 
was noted only in the severe degrees of thyroid insufficiency In our adult 
patient (Case 1), age 30, in spite of a mild hypothyroidism menses began at 
the normal time In our second case, age 12, there were definite evidences of 
approaching puberty Our third case was only eight years of age Pregnancy 
and occasionally menopause have been described as probable factors in causing 
lingual thyroid hypertrophy in some of the reported cases In the adult female 
(Case 1) the hypertrophy existed before she became pregnant 

The only unusual physical characteristics of patients with lingual goiter 
are those associated with thyroid insufficiency, the manifestations of which are 
recorded in two of our cases (Cases 1 and 3) Otherwise the group, according 
to Montgomery, is singularly free from associated developmental anomalies 
The gross and microscopic findings in instances of lingual goiter are particu- 
larly interesting The nodules have been described as large as a “duck egg” 
and the smallest represented by merely a group of thyroid acini Our cases 
varied in diminishing size from that of a golf ball (Case 1) to that of a large 
olive (Case 3) As in our cases so in many of the recorded ones, the shape is 
described as globular, the surface smooth or somewhat lobulated, the color red 
to dark red The surface vessels indicate a fair degree of vascularity The 
cut-surface is often yellow to brownish-red, glistening and homogeneous There 
are areas of colloid and areas of degeneration (Case 1) somewhat resembling 
myxomatous material (Case 2) These cases resemble in many ways the ap- 
pearances often seen in cervical adenomatous goiter Therefore, it would seem 
that the lingual thyroid is subject to the same pathologic degenerations as the 
normal cervical thyroid Thyroid nodules exhibiting adenomatous changes 
have been stated to be greatly in the minority However, two of our cases 
exhibited such changes The majority of cases resemble more nearly the normal 
thyroid tissue (Case 3) 


Eighty-five per cent of the lingual thyroid tumors in Montgomery's series 
were histologically benign The normal type of epthehum predominated, 
whereas the fetal type ranked second Several other lingual nodules of normal 
thyroid gland have subsequently been reported ( Smith, and Lemmon and 
Paschalii) Of the hypertrophies there is the simple colloid type, illustrated 
m our Case 3, in which the parenchyma is characterized by large acini, distended 
with colloid and lined by a single row of low cuboidal and flattened epithelium 
This picture is the exact counterpart of the well-known cervical colloid goiter 
Next m frequency are those forms produced by the embryonic or “fetal” thyroid 
tissue, which resembles the histologic findings seen in the fetal adenomas of 
the cervical thyroid (Rosedalei 2 and Ray ^ 3) The parenchyma is characterized 
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by an abundance of small acini, and solid cords and groups of cells without well- 
defined structure (Cases 1 and 2) The colloid is usually scant in amount or 
entirely absent The appearance of hyperplasia may be found in an occasional 
area but has not been seen as we observe it in the diffuse toxic goiter Degen- 
rative changes such as occur in the cervical adenomatous goiters may also be 
found m lingual goiters of the adenomatous type The histologic similarity of 
these nodules to that of cervical adenomas has not been sufficiently emphasized 
At least in two of our cases (Cases 1 and 2) a distinction would be difficult to 
make from cervical adenomatous goiter on the basis of histology Lastly, 
lymphocytic aggregates and lymphoid follicles were found in association with 
one of our cases (Fig 8, Case 2) A limiting membrane or pseudo-capsule 
much like that seen in cervical thyroid adenomas was present m two of our cases 
(Cases 1 and 2) In the instance of colloid hypertrophy (Case 3) a capsule was 
not present in keeping with conditions found m colloid cervical goiters 

Carcinoma occurring in lingual thyroid has been reported in several authen- 
tic cases Tyler,^^ in 1923, was the first, it appears, to report an instance of 
this kind There was metastatic involvement of the lungs and retroperitoneal 
nodes The second case of carcinoma was probably that reported by Ashhurst 
and White,^^ in 1925 In 1935, Levi and Hankins^® reported an instance of 
low grade carcinoma occurring m a lingual thyroid nodule in a woman 26 years 
of age They described actual invasion of the tongue as evidenced by the irreg- 
ular, poorly-formed acini and the “presence of tumor cells growing in strands 
between the muscle cells” of the tongue Montgomery did not regard the case 
as authentic and stated that the histologic picture might be merely a fetal pattern 
and that the intermingling of acini and muscle fibers had been observed even in 
benign cases He stated, further, that the occurrence of Imgual thytoid carci- 
noma in the female had not been proved Wapshaw.^'^ m 1942, reported the 
case of a lingual thyroid which he first regarded as possibly malignant on the 
basis of its morphologic characteristics, the active epithelial proliferation and 
the intermixture of cellular masses and lingual musculature In the absence of 
metastases and in view of the benign postoperative course and because of the 
resemblance morphologically to the so-called fetal adenoma, he came to the 
conclusion that his case was really benign He collected 1 1 cases of carcinoma 
from the literature, and stated that the proven cases of malignancy occurred in 
males and that no confirmed case had been reported m a female There is much 
support, therefore, for considering lingual thyroid m the female as nonmalig- 
nant The diagnosis of malignancy, on histologic grounds alone, is very difficult 
The confirmation of metastases and the subsequent clinical course are required 
for a positive diagnosis Many of the lingual thyroids resemble the fetal 
adenoma of the cervical thyroid Similarly, they are capable of producing 
multiple t)qDes of epithelial overgrowth suggestive of malignancy These facts 
account for the reports of cases of histologic malignancy in which, however, 
there was no involvement of the regional nodes and which ran a postoperative, 
clinically benign course In view of the preceding it is well nigh impossible for 
the pathologist to make a final diagnosis on the findings m a biopsy per se The 
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fetal t 3 ^e of glandular overgrowth, whether in the lingual or cervical thyroid, 
IS capable of producing various types of thyroid tissue In one instance the 
tissue may resemble papillary hyperplasia as seen in diffuse toxic goiter , in 
another, the normal gland and finally a compact cellular overgrowth without 
the formation of acini but with intermixture of epithelial cells and muscle fibers 
suggesting invasion (Cases 1 and 2) These unusual findings have led to 
erroneous diagnoses of malignancy It is, therefore, essential that many areas 
of the entire specimen be examined before a final diagnosis is made For 
example, m one of our cases (Case 2) there were large areas which, in fact, 
resembled parathyroid tissue and led to the presumptive diagnosis of para- 
thyroid tumor 

It is interesting that positively identified parathyroid tissue in close associ- 
ation with the lingual thyroid nodule has been observed in only one instance 
Several bodies which resembled the parathyroid m structure were found in the 
pedicle of the tumor which was composed mainly of thyroid tissue Myxedema 
and tetany followed complete extirpation of the tumor (Asch) ® Wood re- 
ported two cases of lingual thyroid tumors in which he found areas resembling 
parathyroid tissue His illustrations resemble the structures not infrequently 
seen m lingual thyroids as well as m our Cases 2 and 3 As a matter of fact, 
areas resembling parathyroid tissue are not infrequently seen in fetal adenomas 
of the cervical thyroid Dr James Ewing was of the opinion that the tissue 
in Wood’s case was probably not parathyroid but rather of fetal thyroid nature 
In two of our cases there were areas m the lingual nodule (Figs 6 and 11) 
which in a definite way closely resembled the structure of parathyroid In one 
of these Dr Ewing favored the diagnosis of embryonal parathyroid tissue 
However, after further study we were of the opinion that we were dealing 
with fetal thyroid of a type often seen in cervical adenoma In the case of a 
myxedematous idiot, MacCallum and Fabyan^® found an aplastic cervical 
thyroid represented by mere rudiments of thyroid gland and only one pair of 
parathyroid glands was present However, normal-appearing thyroid tissue 
was found at the base of the tongue In a somewhat similar case of lingual 
thyroid and athyreosis, Ungermann^o described the occurrence of one pair of 
parathyroid glands in the region of the trachea In view of the fact that in 
these two cases of lingual thyroids only two parathyroid glands were found m 
each instance in their normal location, it is probable that the superior pair 
might well occur in the region of the lingual thyroid more often than heretofore 
supposed This would probably explain why tetany does not occur when com- 
plete extirpation of a lingual thyroid has been performed Presumably a cer- 
vical pair would still be functioning 

Diagnosis The physical findings in the reported cases and in our own cases 
are rather characteristic Lingual thyroid nodules have been described in order 
of diminishing size, as being as large as an orange and as small as a pea In 
shape they are spherical, rounded or oval The surface contour is usually 
smooth, ^casionally irregular The color is dusky, purple, reddish, brownish 
or blue The lesions are usually median in position, at or immediately posterior 
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to the foramen caecum and are attached by a broad base Some are superficial , 
others penetrate into the deep substance of the tongue In consistency the 
nodules are hard, elastic, soft, fluctuant or cystic The mucosal covering is 
usually normal, occasionally ulcerative or hemorrhagic Incidentally, it seems 
that two-thirds to three-fourths of the symptom-producing lingual nodules at 
the base of the tongue may be without a thyroid gland in the normal location 
in the neck 

Differential Diagnosis Lingual thyroid nodules are to be differentiated 
from adenoma, angioma, fibroma, lipoma and nonthyroid cysts, and the rare 
instances of malignancy such as sarcoma, lymphosarcoma and carcinoma The 
actual number of benign, nonthyroid lesions at the base of the tongue is small 
There were five cases of probable lingual thyroid carcinoma reported between 
1910 and 1935, according to Montgomery They were all in males over 35 
years of age 

Tieatment Since the outstanding symptoms of lingual goiter are usually 
the result of some degree of pharyngeal and laryngeal obstruction (Cases 1, 2 
and 3) , resort has usually, and correctlv, been had to surgical treatment When 
the lesions were located on the dorsum of the tongue, partial removal by the 
buccal route has been the usual procedure Briefly stated, the steps of the oper- 
ation are as follows It is desirable to have the patient under complete anes- 
thesia, which in our cases was accomplished by means of ether administered 
through nasal catheters The head is placed m the overhanging, hyperextended 
position The tongue is drawn well out of the mouth, and with forward pres- 
sure upon the posterior pole of the tumor, one obtains a good view of the tumor 
Deep transfixion sutures are placed below the tumor through the deep sub- 
stance of the tongue These when tied, after the excision of the tumor, ade- 
quately control the bleeding which may momentarily be brisk Elliptical in- 
cisions are made from before backwards through the overlying mucosa The 
incisions are then carried downward m wedge-shaped fashion leaving a margin 
of nodule on either side and a portion of tissue at the posterior pole Complete 
excision, except m the rare cases of malignancy, should, naturally, never be 
done Additional mucous membrane sutures give a good approximation of the 
margins of the wound 

The surgical approach to the lesion has been varied according to the location 
and extent of the lingual tumor Extra-oral procedures have been adopted in 
instances where the tumor is unusually large and has extended deep into the 
tongue or into the submandibular space On such occasions submental or supra- 
hyoid incisions have been employed (Wapshaw) Electrocoagulation or 
actual cauter}^ has been used especially in cases of malignanc)^ (Ashhurst and 
White, Levi and Hankins) Actual cautery is not advised in instances of 
lingual goiter where complete removal or destruction is to be avoided since the 
damage done to the residual thyroid tissue b}'- these means cannot be accurately 
appraised The same may be said regarding roentgenray and radium Prelim- 
inary tracheotomy (Ra)0,^® with or without exploration of the neck to deter- 
mine the presence or absence of a normally placed thyroid gland, has been 
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employed Preliminary ligation of the lingual artery has been employed in a 
few instances 

The most disturbing, and also the most commonly expected complication 
of the surgical treatment of lingual goiter is thyroid insufficiency (Ray, Wap- 
shaw) This occurred in two of our cases (Cases 1 and 3) in which it was mild 
to moderate and was adequately controlled by the administration of small doses 
of thyroid extract In our second case in which the diagnosis lay between 
atypical fetal thyroid and embryonal parathyroid tumor a satisfactory “follow- 
up” was not obtained and the ultimate postoperative condition was not deter- 
mined The lapse of time before the appearance of postoperative hypothyroid- 
ism could not be determined in one of our patients because of the prompt 
administration of one gram of thyroid extract twice daily In Case 3, in which 
thyroid extract was not given in the early postoperative period, definite signs 
of a moderate hypothyroidism appeared within one month following excision 
of the thyroid nodule The occurrence of thyroid insufficiency following lingual 
thyroidectomy may be as high, it has been stated (Montgomery), as 65 to 70 
per cent Transplantation of thyroid fragments has been done, m the hope of 
avoiding postoperative myxedema, but with unsuccessful outcome (Ray,^^ 
Wapshaw) 

Biopsy and the employment of roentgenray and radium should not be 
considered unless the diagnosis of lingual thyroid cannot be definitely estab- 
lished Our experience with one biopsy examination was unsatisfactory (Case 
2) because infection, sloughing and prolonged inflammatory reaction super- 
vened These factors made subsequent surgical resection difficult and unsatis- 
factory In a case of lingual thyroid reported by Ray, preliminary treatment 
with roentgeniay and radon seeds was given under the tentative diagnosis of 
malignant tumor of the tongue Infection and necrosis, which complicated the 
subsequent surgical excision and the convalescence of the patient, ensued The 
final diagnosis was benign lingual thyroid 

It appears that lingual thyroid has never been successfully treated by medical 
measures These were attempted by Montgomery in a case of lingual thyroid 
treated with Lugol’s solution A considerable diminution in size of the tumor 
followed but the period of treatment was not sufficiently long to determine the 
ultimate result of this treatment If we had known before operation that the 
lingual tumor in our patient, eight years of age (Case 3) , was of simple colloid 
nature, it might undoubtedly have been reduced in size by the simple use of 
iodine and thyroid extract found to be effective m reducing the simple colloid 
hypertrophies of the cervical thyroid gland 

SUMMARY 

1 A critical study of three cases of lingual goiter has been reported 

2 The pathologic histology of these three cases of lingual goiter has been pre- 
sented, with particular emphasis on the structural similarities to adenoma 
of the cenucal thyroid 
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3 The embryology, etiology, pathology, symptomatology, diagnosis and treat- 
ment has been discussed in relation to the three cases reported, and some 
of the pertinent literature 
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In cases of injury of the “upper primary fasciculus” of the brachial 
plexus, (which is foimed as a result of confluence of the 5 tL and 6 th cervical 
roots) the classical method of choice is diiect suturing after resection of 
neuroma and removal of scar tissue Foerster, Babchin and we observed 
restoration of the function of in deltoideus and in biceps 6— 18 months after 
operation Having pei foimed 82 operations upon the biachial plexus we 
became convinced that in man)^ cases the defect, formed after removal of 
neuroma and scar tissue, is so great that direct suturing — to unite the divided 
ends of the upper primary fasciculus (or its elements) — becomes impossible 
Recourse to transplants in such cases does not appeal to hold much promise 
In certain cases it is possible to employ implantation into the peripheral end 
of the divided upper primary fasciculus of some neighboring neive which 
would serve as a neurotizer Such nerves as n phi emeus, n thoi acolis longus, 
or one of the nn thoracales antenoi (a method used by Foerster, and by us) 
could be used for the purpose 

However, in many cases the damage may be so extensive that the above 
nerves cannot be employed with any hope for success Sometimes there is a 
considerable difference in the dimensions of the neurotizer and of the cut-end 
of the upper primary fasciculus, so that it becomes doubtful whether the size of 
the neurotizer would be adequate to assure sufficient supply of growing fibers 
for the basic pathways of the peripheral end We have made use of the neuro- 
tizers in a series of operations m which the neurotizers were implanted into 
the peripheral tiunk of the plexus after it was isolated in the zone of injury 
The remote results of such operations will be described elsewhere 

Our experience in the surgery of large destruction of single trunks of the 
plexus hachialis, led us to the conclusion that certain muscular branches of 
the plexus (those which could be used without impairing essentially the func- 
tion of the extremity) could be profitably used as neurotizers for the function- 
ally more important peripheral nerves, which had been traumatically severed 
It seemed rational to neurotize the divided nerves as far distally from the zone 
of injury as possible This is, of course, to assure optimal conditions of regen- 
eration and, thus, to shorten the period of healing The execution of the 
operation distally from the zone of trauma (and scarification) also makes the 
suturing, etc , te chnically much easier 

* Translated by S A Komarov, M D , Ph D ^ ^ 
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The operation of neurotization, when indicated by exploration, can be 
conveniently carried out as the concluding step of the explorator}'^ operation 
In many cases, when the exploratory operation, for some reason, has been 
length} , neurotization can be carried out as a separate second-stage Some- 
times a preliminary examination of the scars and a study of the local changes 
in the zone of trauma permits a purely clinical diagnosis of the impossibility 
of restoring any function by means of surgery m the traumatized area In 
these cases it is advisable to undertake neurotization from an incision made 
distally from the zone of trauma While considering such a decision, one must 
have in mind that very often patients will not consent to undergo a second 
operation after the first has not brought about any functional improvement 
In traumatic lesions of the upper primary fasciculus (so-called Erb’s 
paralysis), there is a loss of function of n supiascapidaus, n a\illaris and 
n miisculocutaneus, with atrophy of the corresponding muscles 

As a result of the study of topography on lOO cadavers we have concluded 
that the follow mg nerves can be rationally used for neurotization of the above- 
mentioned nerves n fhoiacahs longus, nn thoiacales anteii 07 imm tnctpihs 
of the n ladiabs, n thoiacabs do) salts, and it siibscapulat is — providing these 
nerves contain a sufficient number of the intact fibers Foerster, and others, 
have successfully employed it thoiacahs dot salts and n subscapulai is in cases 
of isolated injury of the it avillatis He also described a successful neurotiza- 
tion of the peripheral end of ti mttsctdoctdaneiis wuth nn thoiacales anteiioi 
Analogous operations are described by V ulpius and Stoflel in their handbook 
It should be mentioned that these operations were used separately in cases of 
isolated injuries of the axillar}'^ nerve and n mtisciilocutanens, where the defect 
m these nerves after revision of the zone of injury could not be repaired by 
direct suturing 

N thoiacahs longus is usually formed by the branches from C5, C6, and 
C7, which emerge from the corresponding roots at the level of the processus 
transversalis The roots from C5 and C6 pass through the substance of 
in Scalenus medtus The most massive trunk from C7 passes laterally on the 
anterior aspect of the middle scalene muscle Often, the main trunk of 
11 thoiacahs longus, and the structures forming it, remain uninjured w'^hen 
the upper primar}’- fasciculus is completely destroyed, and in such cases this 
nerve can be advantageously used as a neurotizer 

N ladtahs gives off its branches to m tiiceps rather high, at the level of 
the tendon of in latisstwus doisi At this level, or a little lower, taint tiicipitit 
can be separated, tested w ith inductorium and used as neurotizers after having 
been turned upwards 

For neurotization of the axillary nen’^e w'e prefer to use two (from 3 or 4), 
lamt tncipitis n ladtahs, rather than n thoiacahs doi salts or 11 subscapulai is, 
for the following reasons Nn subscapulai es receive most of their fibers from 
the upper primarv fasciculus and, therefore, in cases of Erb’s paralysis, are 
mostl} degenerated The use of only two of tanu ttictpths does not entireh 
deprive the in tiiccps of its innervation, while the use of 11 thoiacahs dorsalis 
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for neurotization would entiiely depiive vi lafisswius doisi of its nerve supply 
The cross-section of two 1 aim fi ictpihs may not be smaller, and sometimes is 
even larger, than that of n fhoiacahs dorsalis, which circumstance makes 
implantation convenient Howevei, when some difficulties are encountered m 
the use of laim fncipitis, 11 fhoiacahs doisahs can be used foi neurotization 
of 11 axilla) IS, especiall} as it receives its fibers mainly from C7 and C8 Rami 
tiicipifis receive their fibers from C7, C8 and Ti Nn fhoiacahs anteiior are 
formed by the elements of the upper primary fasciculus and by the fibers 
from C7 and from the low^ei primal y fasciculus as well 

Conclusions as to the functional adequacy and choice of the nerves to be 
used as neurotizeis and as to the degeneiation of the recipient nerves are 
formed fiom the clinical study of the state of the corresponding muscles, 
from the results of electrophysiologic examination performed before the 
operation, and, also, from the lesults of the stimulation wuth inductonum and 
determination of chronicity duiing the operation 

It should be mentioned, that if some of the fibers of the neurotizer are 
degenerated (the fibers from the injured plexus which find their w^ay into the 
neurotizer as a result of exceedingly complex nature of the plexus) then, of 
course, the piocess of neurotization of the distal segment of the nerve — whose 
functional restitution is our aim — w^ould be accomplished only by the intact 
fibers In order to assure satisfactory neurotization of the recipient nerve, the 
intact fibers of the donor neiw^e should give off a considerable number of col- 
laterals, during the process of regeneration This is facilitated by a gentle 
handling, wnth the use of sharp instruments for cutting the nerve, and the 
avoidance of any tension Being distributed evenly on the cross-section of the 
nerv^e, these intact fibers wall supply the recipient neive with a sufficient num- 
ber of regenerating elements, particularly, if the diameter of the nerve donor 
approaches that of the nerve 1 ecipient Incidentally, such a nerve donor, with 
only a part of its fibers degeneiated, can show^ a fair functional capacity on 
being tested electrophysiologically It should be remembered that the caliber 
of the nerve recipient, wffiich has already undergone a process of Wallerian 
degeneration and atrophy, is considerably smaller than that of the correspond- 
ing normal nerve This simplifies coaptation of the epineunum in suturing the 
nerve donor wath ners'-e recipient Experimental data of Kilvington, Kennedy, 
Feiss, Aird and Naffziger indicate that considerably thinner donor nerves, 
sutured end to end to the thicker recipient nerves, are capable of giving good 
neurotization of the 1 ecipient neives, wath restitution of the function, even if 
the ratio of the cross-sections is i 2 or i 3 

A case of neurotization wath the use of 1111 fhoiacahs anfei 101, n thoracahs 
longus and rami fncipifis of 11 ladiahs in Erb’s paralysis is presented here 


Case Report Patient N, female, age 20, was wounded, December 21, 1944, m left 
SI e of the neck, by a bomb fragment She entered the hospital August 6, 1945 On the 
e t side of the neck there is a large scar fixed firmly to the hardened and tender under- 
ying tissues (Fig 1 ) Roentgenologic examination reveals deformation of the processus 
rausvc} salts of C? and a fracture of the first rib at the neck Physical examination 
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shows pronounced atrophy of the scapular muscles, deltoid muscle (Fig 2) and biceps , 
complete absence of the function in the shoulder joint, except for adduction (after a passive 
abduction) on account of contraction of m pectorahs and m lahssimns dorsi, complete 
absence of flexion in the elbow joint while extension is adequate, absence of supination, 
pronation adequate Movements in the radio-carpal joint and also in the wrist and fingers 
are well preserved There is anesthesia in the zone of innervation C5 and C6 

Extensive cicatrization, depth of paralysis and atrophies indicated a considerable 
destruction of the upper primary fasciculus and possibly also of the roots Cs and C6 
These conditions made doubtful the possibility of restitution of the anatomic relations by 
direct suturing of the injured nen'cs m situ, and of regeneration after the operation 
Predicated upon these reasons, and, also, because we did not wish to operate twice (as 



Fig t Fig 2 

Figs i and 2 — Preoperatne Note atrophy about shoulder girdle. 


the first operation above the clavicle, in our opinion, would be lengthy and not success- 
ful) it was decided to undertake implantation of the sound neurotizers into the peripheral 
nerves, uith the aim not to impair essentially the remaining functions of the limb 

Operation — ^August 10, 1945, (Lurje) Incision from the clavicle to the borderline 
between the upper and middle third of the arm M pectorahs major was separated from 
m deltoideus and from the clavicle for 5-cm, and then dissected at its insertion Next 
the clav'i-pectoral fascia and m subclavius vv'ere dissected In the upper corner of the 
wound it was not hard to find the suprascapular nerve below the clavicle, while pulling 
slightly the outer (secondary) fasciculus of the brachial plexus Stimulation with induc- 
torium revealed complete degeneration of the nerve with absence of any response from 
the scapular muscles N thoracahs longus was found below all the trunks of the brachial 
plexus Stimulation of n thoracahs longus resulted in the contraction of m serratus 
anterior This nerve was divided below the 2nd rib in such a manner than innervation of 
the upper two digitations of in serratus anterior was preserved, the nerve was then 
implanted with three fine silk sutures mto the peripheral end of n suprascapularts which 
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had been divided below the clavicle The cross-sections of both nerves were nearly the 
same, as the suprascapular nerve was degenerated and atrophic In the middle part of the 
wound we separated two nn thoracalis anterior They emerged from the lateral second- 
ary fasciculus of the brachial plexus (derived mainly from Cy) After having verified 
their functional adequacy, we implanted them into the peripheral end of the previously 
divided (at its origin) n musculo cutaneus The caliber of both nn thoracalis anterior 
was comparable to that of n musculocutaneus It was first necessary to isolate n inuscu- 
locutaneus upwards from the lateral head of the median nerve with the aid of cutting 
instruments , the nerve was divided high, so that it would be possible to perform implan- 
tation while avoiding any tension Implantation was made with four fine silk sutures 



2 

3 


4 

5 


Chart i — i 5th cervical nerve 2 6th cervical n 3 yth cervical n 4 8th cervical 
n s 1st thoracic n 6 Suprascapular n 7 Musculocutanious n 8 Anterior thoracic n 
9 Long thoracic n 10 Axillary n 11 Triceps rami of radial n 12 Median n 
13 Ulnar n 


In the lower corner of the wound, we isolated three rami tricipitis of n radialts 
Two of them were divided and turned upwards and implanted into n axillaris The latter 
was cut on the anterior aspect of m siibscapularis at its origin from the posterior 
secondary fasciculus of the brachial plexus and then its peripheral end was turned down- 
wards The caliber of the nerve donor and the nerve recipient were nearly equal 
(Chart I) 

The wound was closed in the usual way and left with drainage for 24 hours The 
postoperative course was uneventful 

Already, after two months, control examination revealed a definite improvement in 
the functions of mm pectorahs and m triceps (at the time of the operation their inner- 
vation was impaired by about two-thirds) At five months, after treatment with massage 
and faradization, there was some restitution of movements in the elbow joint, contractions 
of the deltoid muscle also appeared, and atrophy began to dimmish (Figs 3 and 4) 

Examination of the patient on October 10, 1946 (14 months after the operation) 
revealed a disappearance of atrophy of m deltoideus and m biceps, and a diminution of 
atrophy of the scapular muscles The patient was able to contract m deltoideus strongly 
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With abduction of the shoulder for 35°, while m triceps contracts maximally at the same 
time (Figs S and 6) Contractions of in supraspmatus were quite definite In supine posi- 
tion the patient was able to maintain the limb in the vertical position by virtue of the con- 
traction of in deltoideus (Fig 7) Flexion in the elbow joint was complete with distinct 
contraction of in biceps (Fig 8) The strength of in biceps is below that of the muscle 
on the right Simultaneously with contractions of m biceps there are synchronous contrac- 
tions of the somewhat atrophic mm pectorahs, and, similarly, contractions of in deltoideus 
are accompanied with synchronous contractions of in triceps This phenomenon is analo- 
gous to that of synchronous contractions of the facial muscles together with contractions 
of muscles of the shoulder girdle, which can be observed after transplantation of 11 acces- 
sorius wilhsii into 11 facialis from half a year to a year after the operation 

Very interesting are the results of the chronaxymetric studies on our 
patient, which were carried out in the physiologic laboratory of the Neuro- 
chirurgical Institute (L A Novikova) Before the operation, n axtllaiis 
and n musculo ciitaneus gave a typical reaction of degeneration, and did not 
react on stimulation at a rheobase of 280V After the operation, on October 4, 
1946, m biceps did not react on stimulation at a rheobase up to 200V, in spite 
of otherwise good function and occurrence of distinct contractions M del- 
totdeus on the side of the injury gave chronaxy of 2 8G at a rheobase of loov, 
while on the other normal side the chronaxy was o 24G at a rheobase of 6ov 


Table I 



Apri' 26 1947 



Right Arm 




Left A-m 

Normal 




Operation 

G 

F 


G 

F 

a<k 



a^k 


2 6 mA 

3 

m supraspmatus 

8 0 mA 

6 S 

1 0 mA 

3 2 

ra biceps 

4 6 mA 

3 8 

2 4 mA 

3 8 

m deltoideus 

5 0 mA 

4 2 


Absence of reaction of m biceps on electrophysiologic stimulation was not 
surprising to us, in spite of the fact that this muscle, both as to the function 
and the shape, was restored much better than m deltoideus Our electro- 
physiologic studies on remote results of the operations on various nerves, had 
convinced us that in almost every case the regenerating nerve becomes passable 
for physiologic impulses much sooner (and more completely) than the regen- 
eration can be established by the laboratory methods (with the use of ordi- 
nary chronaxymeters) Therefore, the clinical picture of functional restora- 
tion has a leading role in evaluating the progress of regeneration 

The subsequent electrophysiologic examination of the patient in April, 
1947, established further restoration of excitability of m deltoideus, m biceps 
and m supraspmatus both to the galvanic and faradic stimulation These 
results are given in the Table I 

(Examination uas carried out on a usual electrodiagnostic apparatus in 
the Institute of Physiotherapy, Moscow ) 
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The following obseiwation is also of some interest M seiratus anterior 
sin gave before the operation chronaxy of o i6G at a rheobase of 6ov , 14 
months after the operation the chronaxy was o 28G at a rheobase of 65V Both 
times only the lower segments of the muscle were studied We consider that 
this phenomenon could be explained by the fact that m seiiatiis anterior is 
sometimes innervated by the intercostal nerves, as our anatomical studies, 
presently in progress, have shown Roentgenologic control of the osseus 
apparatus of the arm — before and after operation — established some diminu- 
tion in the Sudeck’s atrophy of the bones 

On the basis of our results, we feel justified m recommending the use of 
11 thoracalis longiis, nn thoiacahs anfenoi, rami tricipitis of 11 ladialis (after 
proper physiologic examination) for neurotization of n supi ascapiilans, n. 
museiilocutaneus and n axiUans We regard this combined transplantation 
as a typical one in treatment of Erb’s paralysis, in cases where the corrective 
operation in situ above the clavicle cannot be carried out We believe that, in 
cases of upper Erb’s paralysis, partial loss of the function of in pectoralis and 
tiiceps following section of two rami tucipites and two nn thoiacales antenor 
used for neurotization cannot make the function of the whole limb essentially 
worse A part of the inneivation of m pectoialis and of m tiiceps will be 
preserved, and, with proper exercise, the strength of these muscles can be 
restored, as Ave have seen m our patient It is somewhat harder to evaluate 
the question of whether sectioning 11 thoracalis longus is admissible While 
performing neurotomy distally from emergence of the fibers to two upper 
indentations of m seiiatus anfeuoi we do not entirely deprive this muscle 
of Its innervation However, instead of 11 thoiacahs longus, n thoracalis pos- 
teiioi can be employed for the purpose The use of the latter nerve, according 
to Foerster, is already strongly indicated because exclusion of m latissinus 
dorsi, as an antagonist, wall aid restoration of the function of m deltoideus 
On the basis of our experience with isolated injuries of the supraclavicular 
nerve, we regard its regeneration as important for the restoration of function 
of abduction in the shoulder joint and therefore its neurotization as desirable 
In our method of operation three physiologically important nerves 11 
supi ascapulans , 11 axillaris and 11 muscidocntaneus, obtain fresh neurotizers 
wuth a good regenerative potential, and this, as our case well demonstrates, is 
of great importance for success in restitution of the function In our opinion, 
the use of a freshly cut healthy nerve for the purpose of neurotization is a 
matter of great importance, since regeneration leads immediately to neurotiza- 
tion of the degenerated nerves It is also important that in the zone of healthy 
normal tissues outside of the area of trauma, “ideal” conditions will be found 
for regeneration Ordinarily, when in the case of gun shot wound, the injured 
nerve is sutured m situ, the regenerative process takes place twice The first 
regeneration results in formation of a neuroma , the second regeneration takes 
place after the severed ends of the nerve are refreshed and sutured together, 
and only the latter results in neurotization It is knowm, that w ith the passage 
of time after injury the capacity of axon and its cell to regenerate diminishes 
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(Foerster, Egorov, Chibumacher, Bondarchuk) Therefore, it is possible, 
that neurotization with fresh nerves, by our modification of treatment of Erb’s 
paralysis, even when performed a considerable time after injury, will give bet- 
ter results than direct suturing after resection of the neuromas 

SUMMAEI 

In the Erb type of paralysis, with considerable destruction of the upper 
primary fasciculus of the brachial plexus, where a corrective operation (restor- 
ative) cannot be technically carried out m situ with any hope of success, 
neurotization of the peripheral end of n supi ascapularis with n tlioiacalis 
longns, of the peripheral end of n musculo ctitaneus with n thoiacalis anterior, 
and of the distal end of n axillans with lami tncipitis of n ladialis was per- 
formed Prior to such an operation it should be established, by clinical and 
electrophysiologic examination, that nerve donors have sufficient potential 
capacity as neurotizers, and that nerve recipients are completely degenerated 
Electrophysiologic examination should be repeated during the operation, and 
only after that the corresponding implantations can be performed Under the 
above conditions, Erb’s paralysis, with extensive trauma, indicates triple neu- 
rotization below the clavicle of the degeneiated nerves according to the scheme 
presented, provided the tissues beyond the zone of cicatrization are normal 
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OBSERVATIONS UPON PATIENTS WITH PENETRATING 
WOUNDS INVOLVING THE CEREBELLUM 

John E. Webster, M D ,* R. C Schneider, M D.,t 
AND J. E Lofstrom, M D 4 

Detroit, Michigan 

An analysis of 300 cases of penetrating cranial wounds due to metallic 
fragments observed at the 36th Geneial Hospital revealed that wounds of 
the cerebellum were infrequent Ten cases, an incidence of 3 per cent, were 
encountered World War I reports indicate an even lower percentage of 
o 54 per cent (6 cases in 1,108) In view of the variety m the types of lesions 
represented, illustrating the problems m management while m the Theater 
of Operation, these cases are briefly reviewed 

MATERIAL 

The wounds were located on the left side of the cerebellum in nine of the 
ten patients and were caused by shell fragments m all but three The latter 
were due to bullet wounds In tw^o cases, the dura overlying the cerebellum 
was not penetrated, but contused by the metallic foreign body In three 
instances, the wound of entrance was located in the neck and the associated 
intracranial injury escaped attention One m this latter group was treated and 
evacuated as a manic type of psychotic, a second (Russian POW), developed 
tetanus with a cerebellar abscess due to an inadequate debridement of the 
unrecognized wound 

One patient, w^ho presented an acute cerebellar subdural hematoma, was 
successfully treated through expeditious management m the 38th Evacuation 
Hospital Another presented an inflammatory complication associated with a 
retained metallic fragment in the posterior fossa The removal of the fragment 
resulted in improvement In two patients, tears of the lateral sinuses were 
serious complications at the time of the primary debridements In each, the 
hemorrhage was controlled successfully by muscle stamps, one requiring three 
operative attempts Severe ‘basilar injury involving the cranial nerves and 
the inteinal caiotid artery occurred in one instance 

Five of the patients were operated upon at the 36th General Hospital, the 
cerebellar injury having been overlooked in four of the cases In five patients 
the operations were performed at Evacuation Hospitals 


GENERAL CONSIDERATIONS 

A survey of the location of surviving cranial wounds, of all types, indicated 
that the anterior thir d of the skull n as involved in 3 1 per cent of the cases , the 

* Wayne University College of Medicine, Department of Surgery, Detroit, Mich- 
igan I bnuersity Hospital, Department of Neurosurgery, Ann Arbor, Michigan 
? Wayne University College of Medicine and St Mary’s Hospital, Department of 
Radiology, Detroit, Michigan 
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parietal and temporal areas (middle third) in 54 pei cent, and the occipital- 
cerebellar area (posterior third) m 13 per cent (occiput 10 per cent, cerebellar 
3 per cent) As has been recognized m cranial injury due to causes other than 
penetrating metallic fragments, the highest mortality is associated with injuries 
which involve the posterior portions of the brain, the base and the areas 
contiguous to the vital centers A low incidence of survival may be one 
factor responsible for the infrequency of hospitalized cerebellar wounds Othei 
factors most probably include the protected anatomic location of the cere- 
bellum and the adequate covering afforded by the steel helmet made available 
in World War II 

A wound of the cerebellum presenting the possibilities of rapid and serious 
complications calls for early operation They are, thus, in most instances, the 
problem of the evacuation hospital neurosurgeon 

An uncomplicated wound was observed to be managed adequately by 
means of a unilateral curved cerebellar exploratory incision and tbe employ- 
ment of conventional World War II methods of exploration and debridement 
of the wound entrance, the tract and the cerebellar lobe The operation, m 
oui experience, was most wisely performed under general endotracheal anes- 
thesia to insure control of the patient’s respiration at all times while m the 
cerebellar position A posterior bur opening and ventricular tap prior to 
exploration was advantageous A ventricular tap was seldom required follow- 
ing operation 

Adequate roentgenologic studies were essential in the preoperative esti- 
mation of the location and degree of bone injury and of the probable tract of 
the metallic fragment The diagnosis of a suboccipital injury may depend 
upon the technique used to obtain roentgen films of quality Views of the base 
m a mento-vertical and an occipito-vertical position were found to be advisable 

Certain problems raised in the management of the complicated wounds 
may be reviewed more advantageously m conjunction with the patients’ 
briefed record Several such summaries follow 

CASE REPORTS 

Case 1 — Acute Subdural Cerebellar Hematoma A patient, B R , was wounded in 
action, January 2, 1944, at 0400 hours, and was reported as being unconscious for several 
minutes and unable to see for five minutes He vomited twice, one and one-half hours 
after injury and complained of severe headache A note of “stertorous breathing” was 
made at the Field Hospital shortly after injury He was admitted to the 33rd Evacuation 
Hospital in light stupor at 0120 hours on January 3, 1944 There he presented nystagmus 
upon right and left lateral gaze , hyperactive deep tendon refle-s.es , bilateral Babinski 
reflexes associated with a i 5-cm wound in the left occipital area, 2 cm posterior to the 
mastoid tip Roentgen examination “rev ealed a i 5 bv 15 cm FB situated in the occip- 
ital region just to the right of the midline and 5 cm above the torcula ” Operation was 
performed at 0400 hours, on Januarj' 3, 1944, by means of an inverted U-flap over the 
left cerebellar area “The dura was tense and blue The ventricle was tapped and the 
fluid was under extreme pressure” Before this procedure the patient’s respiration fell to 
eight per minute Following incision of the dura “a massive solid subdural hematoma 
was evacuated” The debridement was then completed At the end of the operation the 
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patient was fully conscious, and the respirations had increased to i8 Neurologic exam- 
ination two days later showed a persisting nystagmus, but loss of the pyramidial tract 
signs previously noted The patient’s recovery was uncomplicated 

Follozu-up A letter, dated March 14, 1946, stated that “I am working and, so far, 
I am in pretty good shape My mind does not grasp ideas or problems that are compli- 
cated Seems to me that my power of concentration has been impaired Sometimes when 
I lay down I get dizzy for a moment or two I never had any convulsion ” 

Comment The desirability of early definitive operation m the Evacua- 
tion Hospital was well-demonstrated, since further delay may well have 
resulted in fatality 

Case 2 — Ovei looked cei ebellai wound m a 
patient with an viti acei cheUar clot A patient, 

J C, was wounded m action on May ii, 1944> 
at 1130, sustaining a “penetrating wound of 
the neck” There was no record of the patient’s 
activity until May 14th, when he was admitted 
to a Battalion Aid Station He was evacuated 
from this point with the diagnosis of “exhaus- 
tion” From a neuropsychiatric clearing company 
the patient was further evacuated, diagnosed as a 
postconcussion state He had complained of 
severe headache associated with vomiting 

He was admitted to the 36th General Hos- 
pital on May 18, 1944, to a closed neuropsychiatry 
ward in a manic state, being completely uncoop- 
erative A roentgenologic examination of the 
skull on the day of admission showed a commin- 
uted fracture in the left occipital area, with in- 
driven small bone fragments for a distance of 
2 cm Examination after transfer to the Neuro- 
surgical Ward showed the patient to be alert, but 
disoriented, complaining of bursting headache, 
increased by any movement of the head The 
head was held rigidly with posturing of the occi- 
put to the left Horizontal nystagmus was pres- 
ent upon left lateral gaze only There was marked 
incoordination and ataxia in the left upper and 
lower extremities The fundi were normal There 
was an insignificant-appearing wound of the left 
side of the posterior aspect of the neck 

Under general anesthesia, a unilateral curved incision was made to expose the left 
suboccipital area A perforation in the posterior fossa was exposed 2 cm to the left of 
the midline The cerebellum extruded through the opening The penetrated dura was 
tense after removing the overlying bone As the dural opening was enlarged there was 
a sudden extrusion of clots and dark blood This release of an intracerebellar collection 
o approximately 40 cc relieved all tension and the area began to pulsate Debridement 
0 the cerebellar lobe was then completed and the wound closed without drainage The 
patient s recovery was uneventful in spite of the late debridement (9 days) 

A communication. May 3, 1946, stated that 'Tm getting along just fine 
Vi V " a job because if I do any kind of straining, I’m bothered pretty 

a Wit headaches I still don’t have good use of mj left hand The Veteran's Admin- 
ra ion recentlj cut my compensation to 50 per cent” (Fig i) 
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Fig I — Case 2 Recent photo- 
graph of this patient which was 
included with his communication 
of May 6, 1946 
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Comment It was established m World War I that all minor-appearing 
wounds of the scalp be investigated for more serious underlying injury 
Wounds of the neck must also be given similar consideration It is of interest 
that of ten cases, in three the entrance wound was located in the posterior 
neck area, and all were overlooked as a locus for intracranial injury This 
particular patient, fortunately, tolerated an mtracerebellar clot which de- 
served earlier surgical treatment 

Case 3 — Cerebellar abscess A patient, V K , (Russian P 0 W ) was wounded, 
March 14, 1945, sustaining a penetrating wound of the left posterior aspect of the neck 
He was admitted to an Evacuation Hospital six days following A brief note described 
the removal of a metallic foreign body from the neck The patient was transferred to a 
General Hospital, where it was recorded, March 28, 1945, that he had been irrational 
for 14 days, and was on that date disoriented, showed a memory defect, and complained 
of vertigo and diplopia He presented bilateral papilledema, nystagmus and severe mal- 
nutrition The patient remained apathetic, with a fever, until the 9th of April, when he 
developed “convulsions and became semicomatose ” Nuchal rigidity and an opisthotonic 
posturing was noted Roentgenologic studies of the chest showed bilateral advanced 
pulmonary tuberculosis 

The patient was admitted to the 36th General Hospital on the loth of April, acutely 
ill, but conscious and oriented, complaining of severe headache He presented an 
opisthotonus, with repeated tetanic spasms, which occurred on the slightest stimuli A 
severe masseter muscle spasm was present Examination showed two diopters of papill- 
edema, with retinal hemorrhages , an abnormal plantar reflex in the left lower extremity , 
an infected wound in the left suboccipital area draining pus The spinal fluid was under 
normal pressure and contained 9,000 white blood cells per cubic mm A culture of the 
spinal fluid resulted m no growth of organisms Detailed roentgenologic studies of the 
skull showed a comminuted fracture of the left occipital bone Treatment with intra- 
venous tetanus antitoxin, sodium sulfadiazine and sodium amytal was begun 

On the iith of April, under local anesthesia, after ventricular tap and the instilla- 
tion of 10,000 units of penicillin, the infected sinus m the occipital area was excised and 
the posterior fossa exposed through a straight incision Extradural pus exuded through 
a perforation in the dura The dura was opened and a welhng-up of thick yellowish pus 
occurred An abscess cavity, 3 cm in diameter, surrounded by a thin capsule was 
exposed A rubber tube was placed just to the cavity and the wound closed after the 
instillation of 10,000 units of penicillin The patient improved postoperatively The 
spasms were difficult to control with sodium amytal, the “lockjaw” persisted On the 
i2th of April, a series of tonic convulsions were associated with apnea, cyanosis and death 

Comment This patient presented a profound diseased state, including 
pulmonary tuberculosis, tetanus, meningitis, with a cerebellar abscess and 
malnutrition The incomplete wound management resulted m tetanus, which 
was believed to be the direct cause of death The opisthotonic state with 
tonic spasms was of interest, since late cerebellar lesions producing increased 
intracranial tension may result in tonic convulsions of this order The asso- 
ciated trismus , the precipitation of the spasms by touching the patient or the 
bed and b) noises , the alertness of the patient during the attacks clearly dis- 
tinguished this state from that of the cerebellar tonic fit At autopsy, the 
abscess was collapsed and the surrounding area showed little reaction to 
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infection (Fig 2) There was neither a pressure cone at the base nor any 
basilar collection of exudate Cultures of the abscess showed growth of an 
anaerobic spore forming organism 

Case 4 — A cerebellar wound associated with severe basilar damage A patient, 
F G , was wounded m action, March 19, 1945, sustaining a shell fragment wound of the 
left posterior aspect of the neck and the inner canthus of the eye Superficial debridements 
were performed and the patient was evacuated The record was incomplete Upon admis- 
sion to the 36th General Hospital, on March 23 the patient w'as acutely ill, presenting a 



Fig 2 — Case 3 Horizontal section through the re- 
moved cerebellum shows the collapsed abscess cavily on 
the left, measuring about 4 cm in length 


subcutaneous emphysema of the neck and chest; moderate dyspnea and hoarseness; 
bilateral ecchymosis, with proptosis and a partial external ophthalmoplegia of the left eye 
he left external rectus muscle was functioning The left eye was blind, and the pupil 
There was a complete left peripheral 7th nerve paralysis and bleeding from 
t e left ear The sensation of the left side of the face was disturbed No other cranial 
nen’e or focal signs were noted at this examination The debrided wound in the neck 
■"as draining cerebrospinal fluid Roentgenologic studies showed a fracture of the left 
temporal bone extending into the auditory canal and emphysema of the chest and neck, 
suggestmg perforation of the trachea or larynx 

On the 24th of March an endotracheal anesthesia was administered with difficulty, 
ue to an hemorrhagic and an edematous laryngeal mucous membrane Following the 
c 0 the wound, an exploration of the left suboccipital region was made. The floor 
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of the posterior fossa was comminuted and the dura overlying the cerebellum was cov- 
ered with clot, but was not penetrated The missile had coursed infenorly along the base 
of the skull By retraction of the cerebellar lobe the jugular foramen was exposed and 
the 9th, loth and iith nenes were noted to be destroyed The jugular vein, surrounded 
by clotted blood i\as intact What appeared to be the petrosal sinus was severed and 
thrombosed Bone fragments and debris were removed Cerebrospinal fluid was observed 
to be flowing from the distal side of the transverse sinus in the depths of the tract The 
4\ound was closed without drainage Because of the edema of the larynx and the vagal 
paralysis, a tracheotomy was performed before removal of the mtratracheal tube 

The patient’s postoperative course was complicated by bronchopneumonia and roentgen 
evidence of widening of the mediastinal shadow considered as being due to a mediastmitis 



A B 


Fig 3(A) — Case 4 Photography of this patient during convalescence 
showing the results of the cranial nerve paralyses on the left side The 
tracheotomy scar is demonstrated (B) — Case 4 The wound of entrance 
and the postoperatu e scar of the left suboccipital area is demonstrated 
There is atrophy of the tropezius muscle 

A se\ere sulfadiazine drug reaction also occurred Neurologic examination during con- 
\alescence showed the following cranial nerve paralyses on the left side II, III, IV, V 
(sparing of the ophthalmic diMsion), VII, VIII, IX, X, XI, XII (Figs 3A and 3B) 
There were no other neurologic manifestations The proptosis of the left eye receded 
In the course of progressive impro\ement, a mass in the left tonsillar area w^as noted 
when the patient subsequenth complained of pain and difficulty in swallow’ing This 
was first considered to be of inflammatorj origin The mass continued to increase in size 
and swelling appeared at the angle of the mandible distal to the ear which began to 
hemorrhage In spite of anesthesia in the 2nd and 3rd divisions of the 5th nerve, the 
patient complained of severe pain in the face Aspiration of the pharvngeal mass revealed 
dark blood, it was nonpulsatile and no bruit could be elicited A tiny incision into the 
mass resulted in brisk hemorrhage 


332 



Volume 127 
^umber 2 


WOUNDS OF THE CEREBELLUAl 


On June 6, 1945, an arteriogram was made of the left internal and external carotid 
arteries The contrast media did not flow through the internal carotid artery although 
injected directly into it Visualization of the external carotid was normal Following 
the arteriogram, exploration of the great vessels was made The internal carotid artery 
at three inches from the bifurcation did not pulsate and the wall was readily compressible, 
having lost all resiliency, yet no point of obstiuction was viewed The external carotid 
appeared to be normal The internal maxillary branch was ligated The common carotid 
was exteriorized beneath the skin, for the purpose of speedy ligation if necessary At the 
end of five days the mass had lost its firmness and bleeding from the left ear had ceased 
The patient was then evacuated (Figs 4 A and 4B) 



A B 


Figs 4(A) and (B) — Case 4 Late photographs of patient 15 months after original 
injury, showing the remarkable degree of improvement in appearance 


Follow-up The patient reviewed his subsequent course in a letter on February 26, 
t94fi He stated, in summary, that he was evacuated to Pans to await air transportation 
to the States The day before leaving he hemorrhaged from the mouth and was operated 
upon After convalescence he was transferred to the Ashford General Hospital Upon 
^rival he immediately underwent an operative procedure on the left side of the neck 
en days later “blood again rushed right out of my mouth and they again operated upon 

inj neck and told me once again I would never have another hemorrhage Well, I 
did not” 

The patient gained weight from 100 to 157 pounds A “plastic operation” upon his 
ace was not performed “as my face has straightened up almost to normal by itself ” The 
pa lent is feeling fairly well now but I can’t say that Tm fine The thing that bothers 
nie most is the steady noise that I hear in my head which started in July, 1945 It’s a 
inging noise and often times it gets severe with a loud knocking sound The left side of 
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my face is still dead, also the left half of my tongue I cannot talk very loud, I cannot 
holler at all and have a hard time talking on the phone My left eye is still blind ” 

Comment This patient survived a remarkable degree of unilateral basilar 
damage involving the cranial nerves and vessels and leading to serious compli- 
cations The degree of brain injury was minimal It is of interest that the 
missile was never located, and if it entered the pharynx, being swallowed or 
expelled, the pharyngeal wound of exit was not seen The nature of the vas- 
cular complication was not clear The mass appeared to be an hematoma, but 
this was disproved upon its incision which resulted m a steady stream of 
venous blood The characteristics of an aneurism were absent When the 
mass palpated during exploration of the neck, its size and tension could not be 
influenced by compression of the carotid arteries or the jugular vein Contrast 
media did not flow into the area of the mass Explanation for the failure of 
the internal carotid to visualize and its anatomical appearance cannot be given 

Case 5 — An mflammatory complication about a retained cerebellar metallic frag- 
ment The patient, M G, was wounded, November 14, 1944, sustaining a penetrating 
wound of the right occiput, with penetration of the tentorium and the right lobe of the 
cerebellum Examination at the Evacuation Hospital, November 15, 1944, showed a 
responsive patient, with a dysarthria and a left homonymous hemianopsia There was 
conjugate deviation of the eyes to the left, with nystagmus marked upon right lateral 
gaze The deep tendon reflexes were hyperactive and equal , rapid alternating movements 
were poorly performed, there was awkwardness upon finger to nose testing On this 
date exploration was begun by means of a right occipital incision The occipital lobe was 
debrided Upon exposure of the tentorial opening a suboccipital mastoid to mastoid 
incision was made and the cerebellum exposed The overlying dura was tense and blue 
Ventricular puncture produced little relief in pressure The cerebellar lobe was debrided, 
and troublesome hemorrhage was controlled by clipping a large vessel on the tentorial 
cerebellar surface The foreign body was not removed 

The patient was admitted to the 36th General Hospital on the 24th of November 
At this date he was oriented but took little interest in his surroundings Coarse nystag- 
mus was present upon right lateral gaze, the fundi showed blurring of both disk mar- 
gins, a left homonymous hemianopsia was present There was weakness in the right 
lower extremity with more active deep tendon reflexes and bilateral Babinski signs The 
cerebellar status could not be accurately evaluated ^ince the patient performed tests 
poorly through apathy The decompression site was tense Roentgenologic study of the 
skull “showed a large suboccipital decompression with the operative defect extending 
\\ ell up in the right occipital bone as high as the lambdoid suture There was a i by i 4 
cm foreign body situated in the posterior fossa 2 cm to the right of the midline and 
about 2 cm above the floor This placed the foreign body just above, medial and 
posterior to the internal acoustic meatus of the right petrosa There were a few small 
loose bone fragments at the operative site near the left lower margin of the defect” 
(Figs 5A and 5B) Treated by routine penicillin therapy, the patient failed to make 
satisfactory progress and the cerebrospinal fluid showed a pleocytosis of the 24-75 white 
blood cells per cubic mm with an increased protein Cultures of the spinal fluid at 
admission showed the presence of a gram-positn e nonhemolytic streptococcus and a gram- 
positiie nonhemolytic staphylococcus Subsequent cultures after the 26th of November 
showed no growth of organisms The decompression remained tense 

Reoperation was performed under endotracheal anesthesia Pulped cerebellum was 
removed and a necrotic tract which extended into the vermis was debrided by aspiration 
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Figs 5(A) and (B) — Case 5 Preliminary film studies on admission to the hospital, 
showing large occipital defect following original decompression A large metallic frag- 
ment IS imbedded m the cerebellum 







of S Lateral and postero-anterior films following injection 

of th removal of the metallic foreign body, demonstrating the marked dilatation 

ConciH of the body and the posterior horn of the right lateral ventricle 

also fourth ventricle following the loss of cerebellar tissue is 

of some enlargement of the third ventricle, and also present is loss 

pathways over the posterior portion of the cerebrum and cerebellum 
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and the foreign body lying m the end of the tract was removed There was no pus 
Culture of the tract resulted in a growth of nonhemolytic staphylococcus An encephalo- 
gram which was made on 20th of January, prior to evacuation, showed considerable 
dilatation of the posterior portion of the body and the posterior horn of the right lateral 
ventricle This extended almost to the surface of the cortex There was enlargement 
of the third ventricle and considerable dilatation of the fourth ventricle There was 
obliteration of the subarachnoid pattern over the posterior portions of the hemispheres 
(Figs 6A and 6B) At discharge, the patient was ambulatory, with an ataxic gait He 
was alert, oriented, having a cerebellar type of speech defect There appeared to be 
severely impaired vision in the left homonymous fields Nystagmus was present upon 
right and left lateral gaze, the jiapilledema had subsided Severe incoordination was 
present in the right upper and lower extremity The decompression was soft and the 
cerebrospinal fluid was normal 

Follow-up A report from the patient, March 13, 1946, stated that he was at home 
on furlough His vision was severely impaired, having what he described as “travel 
vision ” “Side vision” only was present in the right eye “My left eye has fair vision but 
It gives me a lot of trouble due to pain in the eye I still cannot walk straight and 
cannot write good Three of my brothers and myself are m the dress chicken and 
egg business ” 

Comment This patient presented evidence of an unsubsiding infection 
as manifested by the pleocytosis of the cerebrospinal fluid , the positive cul- 
tures of the fluid and unimproving clinical status The focus of the infection 
was the area of the tract about the metallic foreign body, which also cultured 
a pathogenic organism The question arises whether or not penicillin therapy 
without reoperation may not have eventually sterilized this area Treatment 
for 19 days was not effective m doing so In our experience, large metallic 
fragments of this order should be removed, if accessible, at the least indication 
that an inflammatory complication exists It has not been uncommon to find a 
localized abscess about such a foreign body, due apparently to the fact that 
the fragments are laden with tiny pieces of organic debris and bacteria 

RESULTS 

The outcome in this group of cases was satisfactory There was one death, 
resulting in a mortality of 10 per cent This death, in a patient with an 
abscess of the cerebellum (Case 3), m fairness, may be attributed to tetanus 
rather than the cerebellar disease The final result in the patient with severe 
associated cranial nerve and vascular injury (Case 4) is not fully established, 
and the 'disability is great A third patient presented a peripheral facial palsy 
associated with unilateral deafness The fourth (Case 5), has considerable 
visual impairment 

Six cases presented minimal neurologic defects All were ambulatory 
Cerebellar signs present upon admission improved remarkably except in the 
patient with the retained metallic fragment (Case 5) All the patients were 
returned to the Zone of Interior 


SUMMARY 

I An analysis of 300 penetrating cranial wounds showed that the cere- 
bellum was involved in ten cases (3 per cent) 
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2 In three cases injury to the cerebellum was overlooked due to the 
location of the wounds of entrance being in the neck Even minor appearing 
wounds of the posterioi neck region may be associated with intracranial injury 

3 Wounds involving the cerebellum require early operation m the Evacua- 
tion Hospital, usually b}’’ means of an unilateral cerebellar incision under 
endotracheal anesthesia Adequate roentgenologic studies are advantageous in 
the preoperative estimation of the location and the degree of injury 

4 The management of several cases of cerebellar injury which presented 
unusual complications were briefly reviewed 

5 The mortality in this group of patients was lo per cent 
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The use or vasoconstrictor drugs has been recognized for many years as 
an important method of increasing the effectiveness of certain local anesthetic 
drugs By delaying the rate of absorption of the anesthetic, the vasoconstrictor 
decreases the number of reactions and prolongs the duration of the anesthesia, 
thereby increasing the usefulness and safety of local and regional anesthesia 
In the past, the practice of adding vasoconstrictors to the anesthetic m spinal 
anesthesia has met with little success, although a number of investigators^ 
have called attention to its possible value The present report concerns the 
clinical effects of epinephrine and ephedrme when they are injected into the 
subarachnoid space with the anesthetic drug These two vasoconstrictors were 
used because they have been the drugs most frequently employed in previous 
investigations 

It IS interesting to note that it was not long after Braun® first used 
epinephrine in local anesthesia at the beginning of the twentieth century that 
It was applied also to spinal anesthesia In the years 1903 to 1905, Donitz 
and Bier®' reported that the addition of epinephrine to cocaine and 
stovaine m subarachnoid block resulted in anesthesia of greater effectiveness 
than did the use of these drugs alone They believed that epinephrine both 
increased the length of anesthesia and decreased the toxic effects In 1905,^® 
epinephrine was also used with procaine in spinal anesthesia For the next few 
years the custom of mixing a vasoconstrictor with the spinal anesthetic was 
common practice in some clinics However, by the year 1915 the use of vaso- 
constrictor drugs m spinal anesthesia had fallen from general use Some 
clinicians continued to use epinephrine with apparently good effect but the 
majority had become convinced that combining the spinal anesthetic with a 
vasoconstrictor drug was not only a needless but a dangerous practice 
In recent years several papers®^’ have again appeared indicating successful 
results with the use of epinephrine m the procaine spinal anesthesia The most 
recent report was published m 1945 by Pnckett, Gross and Cullen They 
have found that the duration of procaine anesthesia is increased 30 per cent by 
the addition of epinephrine to the solution 

The vasoconstrictor properties of ephedrme are less pronounced than 
those of epinephrine , therefore, ephedrme has not been of value in local anes- 
thesia It has, however, been suggested as a means of prolonging the duration 

* Presented before the Section on Anesthesiology at the A M A Meeting in San 
Francisco, in July, 1946 
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of spinal anesthesia In 1933^^ a mixture of cardiazol-ephedrme and nuper- 
caine was used successfully Ten years later, Roinberger^^ reported that the 
addition of ephedrine to procaine inci eased the duration of anesthesia 40 to 
50 per cent It should be pointed out, howevei, that some experimental 
work^''’^*^ has indicated that the subarachnoid injection of ephedrine may be 
accompanied by certain local or systemic reactions Evidence has been pre- 
sented that ephedrine in the subarachnoid space may cause a marked rise m 
blood pressure or even mterfeie with the function of the nerves 

Our expel lence with the injection of vasoconstrictoi diugs into the sub- 
arachnoid space has been limited to the use of epinephrine or ephedrine with 
either pontocaine or nupercaine The total number of cases m which combina- 
tions of these drugs were used has exceeded 5,000 Oui principal interest m 
this study was to decrease the dose of the anesthetic drug Our experience 
has indicated that this is an impoitant means of increasing the margin of 
safety of spinal anesthesia This view has been supported by the fact that the 
incidence of severe circulatory and respiratoiy depression has been decreased 
by avoiding laige doses of anesthetic drugs 

The anesthetic effect of pontocaine and dextiose did not appear to be 
altered by the addition of epinephime Ephedrine, however, definitely 
increased the extent as well as the duration of anesthesia produced by a given 
dose of pontocaine The pontocame-dextrose-ephedrme mixture was prepared 
by adding sufficient i per cent pontocaine to a solution containing equal parts, 
by volume, of 10 per cent dextrose and 5 per cent ephedrine to make either a 
020 or 033 pel cent concentration of the anesthetic drug Both concentra- 
tions of pontocaine were used with satisfactory results The solution of 
pontocaine, dextrose and ephedrine was injected into the subarachnoid space 
without further dilution It was found that compared to pontocaine-dextrose 
alone, approximately 30 per cent less of the anesthetic drug was needed to 
produce comparable anesthesia Ephedrine apparently retards the rate of 
absorption of pontocaine fiom the spinal fluid We observed that with 
ephedrine the level of anesthesia was influenced by gravity for a longer period 
of time after the spinal tap Therefore, if the patient is placed in the head 
down position shortly after the spinal anesthetic is given, the danger of 
obtaining too high a level of anesthesia must always be considered The dura- 
tion of anesthesia, using 10 mg of pontocaine or less, was increased about 
20 per cent Experience with largei doses of pontocaine was too limited 
for us to formulate any conclusions 

When epinephime was added to hypobanc solutions of nupercaine, the 
anesthetic effect seemed to be increased The combination of epinephrine and 
nupercaine used was prepared in the following manner sufficient distilled 
water and i 1000 epinephrine was added to a i 200 solution of nupercaine, 
as supplied by the manufacture! , to make a i 500 dilution of nupercaine 
containing a i 25,000 concentration of epinephrine This solution was used 
extensively to provide muscular relaxation for intra-abdominal operations 
The hypobanc nupercaine-epinephnne solution was injected without further 
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dilution into the subarachnoid space with the patient in the sitting position 
Following the injection the patient was allowed to sit up for one and a half 
to two minutes and then was placed in any desired position All cases were 
immediately supplemented with a light plane of general anesthesia With the 
technic described, the average dose of nupercame necessary to obtain relax- 
ation was 2 to 3 mg for lower abdominal operations and 4 to 6 mg for upper 
abdominal operations In a limited number of cases small amounts of ephedrine 
were added to hypobanc solutions of nupercame Since the results did not 
seem to be significant, the method was discarded 

The subarachnoid injection of epinephrine and ephedrine, in the quantities 
and concentrations described, did not produce any systemic effects There were 
no unusual respiratory or circulatory reactions The blood pressure and pulse 
did not seem to be altered by the addition of these vasoconstrictors to the spinal 
anesthetic It was our impression that the use of smaller doses of the anes- 
thetic agent minimized the incidence of severe circulatory and respiratory 
depression To maintain the blood pressure, an intramuscular injection of 
ephedrine, usually 50 mg , was routinely given prior to the spinal tap Aside 
from the usual number of post-spinal headaches, there were no neurologic or 
other complications in this series 

Our experience supports the views of other investigators that the addition 
of a vasoconstrictor to the spinal anesthetic is a means of increasing and pro- 
longing the effect of the anesthetic drug All local anesthetics are apparently 
not similarly affected by the same vasoconstrictor drug Previous workers 
have demonstrated that epinephrine potentiates the effect of procaine With 
the particular drug combinations used in this study, epinephrine did not appre- 
ciably alter the anesthetic effect of pontocaine, but it did seem to enhance the 
potency of nupercame In contrast, ephedrine materially reduced the required 
dose of pontocaine, but it apparently exerted little effect when used in com- 
bination with nupercame Additional studies are, therefore, necessary to 
determine the optimum concentration of the vasoconstrictor as well as the 
most effective drug combinations for spinal anesthesia 

Whether the addition of vasoconstrictors to the spinal anesthetic is a real 
or only an apparent advantage remains to be determined by further experi- 
ence The ability to reduce the dose of the spinal anesthetic by the use of 
these drugs appears clinically to be of value, but it should not be assumed that 
proportionately less care need be taken in the administration of the anesthetic 
and the care of the patient 
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A KNOWLEDGE OF THE PROTEIN reserve in man is of real importance in 
the proper medical and surgical care of the patient The evidence in the 
literature,^’ - leads one to assume that the liver acts as a store of plasma 
protein The composition of the liver protein of an individual should then 
reflect the state of this reserve Accordingly, an attempt has been made to 
develop a method for determining proteins in liver biopsy specimens This 
method has been critically tested In addition, the effect on liver proteins of 
acute hemorrhage in dogs has been studied ivith a view to securing a basis 
for interpreting results on human patients 

Ideally, the individual proteins of the liver should be separated quanti- 
tatively from each other by some means -which does not result in their 
denaturation or in the production of artefacts In prattice this would be very 
difficult even with the aid of complicated electrophoretic and ultracentrifugal 
procedures Empirical salt-fractionation methods are more convenient for 
partitioning liver proteins^ and provide results of physiological importance 
when careful control of all variables is maintained The chief disadvantages 
of existing methods aie the necessity for large specimens of liver, and the 
employment of long periods of diatysis and salt fractionation 

A method of estimating liver proteins suitable for use in the clinical 
research laboratory must be relatively convenient and reliable In ad- 
dition, only a fraction of a gram of liver would ordinarily be available Bearing 
m mind these requisites, a procedure has been devised for determining liver 
proteins by nitrogen analysis after an initial separation into sahne-soluble 
and sahne-insoluble fractions The former fraction may be furthei frac- 
tionated by strong sodium sulfite solutions The proteins of the liver which 
are soluble in saline include albumin, fibrinogen, various globulins and those 
insoluble in saline consist mainly of connective tissue and cell membrane 
proteins 


METHOD FOR PARTITIONING LIVER PROTEINS 

The fresh specimen of liver is made as free from blood as possible without 
expressing liver tissue fluid and is placed in a previously weighed glass vial, 

* Aided bi a grant from the Otho S A Sprague !^^cmonal Institute 
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stoppered, and weighed It is then transferred to a glass homogenizer, similar 
in design to the type used in preparing tissue homogenates for enzyme studies 
Homogenization is carried out m the presence of 2 cc of o 9 per cent sodium 
chloride solution After a minute or two, when intact liver tissue is no longer 
discernible in the mixture, the homogenate is transferred to a graduated 15 cc 
centrifuge tube Quantitative transfer is effected by homogenizing successive 
2 cc portions of saline and adding these amounts to the first homogenate 
The final volume of the homogenate is made up to 6 to 12 cc depending on the 
size of the specimen 

The saline homogenate is well-mixed and is centrifuged at 3000 r p m for 
20 minutes After the volume of the supernatant (A) is recorded, the saline- 
soluble material is decanted and preserved That portion of the homogenate 
insoluble m saline remaining in the centrifuge tube is suspended in 2 cc of 
H2O, centrifuged and the aqueous supernatant discarded This washing out 
of the saline soluble nitrogen is repeated a second time leaving a residue (B) 

The protein present in i cc of supernatant A is precipitated out by adding 
an equal volume of 20 per cent trichloroacetic acid and is collected by centri- 
fugation (C) Another i cc of supernatant A is added to 7 cc of 22 2 per cent 
sodium sulfite solution, mixed well, stoppered, and is left overnight at room 
temperature Protein material flocculates out in this interval and is separated 
from the solution by centrifugation yielding a lesidue (D) and the supernatant 

To each of the precipitates obtained in steps B, C, and D is added i cc of 
concentrated sulfuric acid solution which dissolves the residue so that it can 
be transferred quantitatively with the minimum amount of water to microkjel- 
dahl digestion tubes One cc of supernatant A is taken for nitrogen analysis 
In addition to the concentrated sulfuric acid, knifepoints of sodium sulfate, 
potassium persulfate, 5 drops of 5 per cent copper sulfate solution are con- 
stituents of the digestion mixture After vigorous digestion for at least i 5 
hours or longer (if necessary to complete the digestion), the contents of the 
digestion tube are transferred quantitatively with rinsing to a microkjeldahl 
steam distillation appaiatus The ammonia is trapped in 10 cc of 4 per cent 
boric acid plus 3 drops of mixed indicator (2 cc 01 per cent methyl red and 
10 cc 01 per cent brom cresol green, both in alcoholic solution) Titration is 
earned out ivith ooiN hydrochloric acid solution from a' five milliliter micro- 
burette Only freshly boiled distilled a\ ater may be used for rinsing the diges- 
tion tubes into the distillation apparatus At least three reagent blanks are run 
with each day’s determinations The results are expressed as Gm protein 
per 1 00 Gm of liver 

The following teims have been employed to describe the nature of the 
various protein fractions Supernatant A is considered to contain saline- 
soluble protein although a small fraction of the nitrogen is present in non- 
protein forms "polypeptides ” This amount can be estimated by the difference 
0 ween the value foi saline-soluble protein and trichloroacetic acid “precip- 
itable protein (residue C) This “precipitable” protein represents the sum of 

343 



FISHMAN AND LeVEEN 


Annals of Sureery 
February 1948 


liver albumin and globulins By subtracting the value of residue D which 
contains most of the liver globulin from the figure for residue C, the liver 
albumin may be approximated Residue B contains sahne-insoluble protein 

RESULTS AND DISCUSSION OF METHOD 

Data are presented which show the influence of the volume of o 9 per cent 
saline on the relative consistency of separation of sahne-insoluble from sahne- 


Table I — Effect of Volume of Saline on the Consistency of the Separation of 
Saline-Soluble and -Insoluble Mateiial tit Liver Tissue 


Wt of Liver 
Specimen 

Mg 

Volume of 
Homogenate 

CCS 

Saline-Soluble Protein 

Saline-Insoluble Protein 

Mg 

Percentage of 

Liv er Specimen 

Mg 

Percentage of 
Liver Specimen 

96 9 

3 7 

7 76 

8 0 

0 53 

6 7 

94 7 

3 9 

8 28 

8 7 

6 14 

6 3 

109 4 

S 9 

9 30 

8 S 

7 IS 

6 3 

127 8 

7 2 

10 70 

8 4 

8 24 

6 3 

140 9 

10 9 

11 30 

8 0 

9 66 

6 9 

138 8 

10 6 

11 73 

8 S 

8 51 

6 2 

Averages and deviation 


8 3±0 2 


6 S±0 2 


Table II — 
(Biopsies taken fi 

■Consistency of Results of Liver Piotein Paitition 
oni different lobes of the liver pcriphei ally and centially) 

Wt of 
Specimen 
mg 

Saline- 

Soluble 

Protein 

Gm % 

Saline- 
Insoluble 
Protein 
Gm % 

' Precipitable 
Saline Soluble 
Gm % 

‘ Albumin- 
Containing 
Gm % 

Globulin- 
Containing 
Gm % 

' Polypeptides 
Gm % 

200 3 

10 68 

5 94 

9 40 

7 33 

2 07 

1 28 

186 8 

10 21 

6 23 

9 00 

6 26 

2 74 

1 21 

191 3 

9 99 

6 21 

8 52 

5 14 

3 38 

1 47 

154 8 

10 09 

6 12 

8 65 

3 39 

3 06 

1 44 

32 7 

10 43 

5 68 

8 21 

5 87 

2 34 

2 24 

A\ erages and 







deviation 

10 3±0 2 

6 03±0 2 

8 78=t0 4 

6 06=^0 6 

2 71±0 4 

1 33*0 3 


soluble material (Table I) In another experiment, all fractions of liver pro- 
tein as partitioned in the method haA^e been determined (Table II) In both 
of these experiments, specimens were selected at random from different lobes 
of the liver, both from the interior and peripheral areas 

The data show that the volume of extraction medium may vary from 
5-12 cc without material^ affecting the efficiency of the separation of saline 
soluble and insoluble material It is evident also from Table II that relatively 
consistent analyses for the various protein fractions of the liver may be 
obtained Avith the method described in this paper This same consistency has 
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been found with few exceptions in the analyses reported in the dog 
experiments 

In preliminary experiments slightly more protein has been extracted 
when water was used m place of saline as the extraction medium However, 
since consistent results were obtained by saline homogenization, it was decided 
to employ saline It is true that the saline-soluble protein fraction is augmented 
slightly by the presence of blood protein left in the liver tissue spaces One 
author^ has perfused livers with saline to free them of residual blood Since it 
IS impossible for various reasons to employ perfusion technics in our study of 
liver proteins, it has been necessary to use tissue which is not blood-free 
From the data, this unavoidable error does not seem to be too important 

It IS important to decide what physiologic significance (if any) to attribute 
to the various fractions The sahne-insoluble protein represents mainly the 
structural protein fabric of the tissue The salme-soluble material contains 
albumin, fibrinogen, various globulins, many enzymes, proteoses, polypeptides, 
ammo acids, urea, etc This mixture can be separated by trichloracetic acid 
precipitation into “precipitable” protein and “polypeptides,” the latter term 
being used in a general sense to include the non-protein nitrogenous radicles in 
the mixture The “precipitable” protein is regarded therefore as that protein 
m the liver cell which could function in the manner postulated by Whipple ^ 
The great clinical importance which is now being attached to the plasma albu- 
min and globulin, made it seem desirable to attempt to fractionate liver albumin 
and globulin so that correlations with existing knowledge might be possible 
The method of Howe^ based on the observation that globulin is selectively pre- 
cipitated out by strong solutions of sodium sulfate or sodium sulfite^ was used 
as a guide Many authors have employed this method in clinical studies of 
protein metabolism and have drawn important conclusions from the data 
However, from work reported m laboratories where the method has been 
critically studied®' it would appear unsound to consider the fractions obtained 
by salting out as containing only albumin or globulin respectively Rather, it 
is evident that mixtures of albumin and globulin are separated in different 
proportions depending on the original albumin globulin ratio Accordingly, 
in our study, we refer to the fractions thus obtained as “albumin-contaimng” 
and as “globulin-containing” with the implication that they are not systems 
of constant composition There is greater variation in these fractions than in 
the other liver proteins which may be ascribed to the inadequacy of the salting 
out procedure However, it was hoped that information of some value would 
be forthcoming in experiments on acute hemorrhage where extensive changes 
in liver protein were expected 


experiments on effects of acute hemorrhage in dogs 

The liver protein partition procedure as outlined has been employed in 
studying the effects of acute hemorrhage on the composition of liver proteins 
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In these experiments, normal dogs (7-10 kilos body wt ) were anesthetized 
under nembutal (25 mg per K) Employing aseptic technic, a small incision 
was made in the upper abdomen, a lobe of the liver was located, a hemostatic 
mattress suture was placed on the liver edge and a wedge-shaped piece of 
tissue removed The abdominal wound was then sutured The femoral artery 
was exposed, cannulated, and 120-200 cc of blood were allowed to escape 
slowly over a period of ten minutes About three hours later, the animal was 
sacrificed by dividing the aorta The liver freed of its gall-bladder was 
weighed Peritoneal fluid was collected measured, and its protein content 
determined Blood proteins were determined by Kjeldahl N analyses In each 
experiment at least two individual biopsy specimens were analyzed completely 
for liver protein at i hr and 4 hrs The results on six dogs are recorded 
m Table 3 

In the acute hemorrhage experiments, when the averages of the duplicate 
analyses are compared, four out of the six dogs (Nos i, 2, 3, 4) showed 
increases in the sahne-soluble protein fraction which were due mainly to an 
elevation in “polypeptides ” The trichloroacetic acid “precipitable” protein 
level was unchanged in all the animals except dog 5 in which it was lowered 
In three of the animals (dogs i, 2, 3), there were definite increases in the 
amount of “globuhn-contammg” protein, with a corresponding diminution 
in the “albumm-containing” fraction Sahne-insoluble protein was elevated 
in dogs I, 3, 4, 5, unchanged in dog 6, but showed an apparent decrease 
in dog 2 


DISCUSSION 

In the acute hemorrhage studies, there are a number of factors of variation 
which should be considered before discussing the results In the first place, 
changes in tissue constituents other than the liver protein may be occurring , 
glycogen most certainly is disappearing from the liver, fat may increase, dehy- 
dration may occur The presence of fluid in the peritoneal cavity results from 
oozing at the site of the liver excision and its quantity and protein content has 
been measured The hemorrhage should be severe enough to result in a real 
depletion of plasma piotem but should not be so extensive as to produce shock, 
with its accompanying disturbance to the circulation which would affect liver 
proteins m a manner difficult to predict An effort has therefore been made to 
reduce the amount of trauma connected with the removal of the biopsy speci- 
mens and to keep the incidental blood loss down to a minimum These consid- 
erations as well as the possible complication of infection have also led us to 
use a short period (4 hrs ) of experimentation which may be too short an 
interval of observation It is clear also that the previous nutrition of the 
animal will alter the protein reserve so that the same amount of blood loss m 
two similar animals may have different effects on the composition of liver 
proteins Accordingly, it is to be expected that the results will differ from 
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Table III — Lwer Proteins Before and After Acute Hemorrhage 


Time After 
Initiation 
Dog of Expen- 
No ment (hrs ) 

VVt of 
Specimen 

Mg 

Saline- 
Soluble 
Gm % 

Saline- 
Insoluble 
Gm % 

"Precip-" 
itable" 
Saline- 
Soluble 
Gm % 

“Albumin- 
Contaming 
Gm % 

"Globulin- 
Contaming” 
Gm % 

•‘Poly- 
peptides' 
Gm % 

1 1 0 

153 7 

9 37 

6 35 

7 92 

2 98 

4 94 

1 45 


388 7 

9 62 

6 90 

7 71 

2 61 

5 10 

1 91 


Averages 

9 45 

6 62 

7 81 

2 79 

5 02 

1 68 

4 S 

136 1 

10 39 

7 50 

7 61 

0 10 

7 51 

2 78 


85 0 

10 81 

7 30 

7 80 

0 05 

7 75 

3 06 


Averages 

10 60 

7 40 

7 70 

0 07 

7 63 

2 92 


Total blood loss 217 cc Initial and final plasma proteins respectively 4 9 4 8 albumin 3 5 3 4 globulin 1 6 
1 4 gr % Total protein loss* 12 8 Gm 


2 1 0 

114 2 

8 

64 

6 20 

6 53 

2 73 

3 80 

2 11 


44 3 

7 

88 

6 81 



2 39 



Averages 

8 

26 

6 50 

6 S3 

2 73 

3 10 

2 11 

4 5 

182 9 

10 

62 

5 32 

6 77 

1 95 

4 82 

3 85 


123 8 

10 

72 

3 57 

7 85 

3 00 

4 85 

2 87 


Averages 

10 

67 

4 44 

7 26 

2 47 

4 83 

3 36 

Total blood loss 195 cc Initial plasma protein 6 4 albumin 5 0 Elobulin 1 4 gr 
loss 14 1 Gm 

% respectively 

Total protein 

3 1 0 

no 6 

n 

68 

7 75 

9 20 

3 27 

5 93 

2 48 


82 1 

11 

85 

5 77 

9 34 

4 98 

4 36 

2 51 


Averages 

11 

76 

6 77 

9 27 

4 13 

S 15 

2 49 

4 0 

89 0 

12 

73 

8 05 

9 34 

2 31 

7 03 

3 39 


127 2 

13 

03 

7 48 

10 22 

2 40 

7 82 

2 81 

Total blood loss 
Joss 10 0 Gm 

Averages 

12 

88 

7 75 

9 76 

2 35 

7 42 

3 10 

143 cc Initial plasma protein 6 1. albumin 4 4 glob 

1 7 gr % respectively 

Total protein 

< 1 0 

114 5 

9 

43 

5 52 



2 53 



104 8 

11 

03 

5 84 

9 39 

6 71 

2 68 

1 64 


A\ erages 

10 

21 

5 68 

9 39 

6 71 

2 60 

1 64 

4 0 

91 5 

11 

79 

7 17 

9 53 

6 56 

2 96 

2 37 


157 9 

11 

81 

6 88 

9 07 

6 36 

2 71 

2 74 

Total blood loss 
9 6 Gm 

Averages 

11 

80 

7 02 

9 30 

6 46 

2 83 

2 56 

142 cc Initial plasma 

protein 6 7 albumin 4 1 globulin 2 6 gr 

% respectiv el> 

Tot il prolcin 

' 1 0 

106 0 

9 

98 

5 24 

7 86 

3 68 

4 18 

2 12 


US 5 

9 

83 

6 01 

7 64 

4 00 

3 64 

2 19 


Averages 

9 

90 

5 62 

7 75 

3 84 

3 91 

2 14 

4 0 

246 3 

9 

43 

6 93 

6 81 

2 64 

4 17 

2 62 


123 9 

8 

62 

6 43 

6 73 

2 53 

4 20 

1 89 

Total blood loss 
loss 7 5 Gm 

A i erages 

9 

02 

6 68 

6 77 

2 58 

4 18 

2 25 

154 cc Initial plasma 

protein 5 0 albumin 3 7 globulin 1 3 gr 

% respcctneb 

To> il protein 


Total protein loss is computed from the blood loss plasma protein and the protein content of the 
Pentoncal fluid 
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Table III 

— Cant’d 




Time Aftet 
Initiation 
Dog of Expen- 
Xo ment (hrs ) 

Wt of 
Specimen 

Mg 

Saline- 
Soluble 
Gm % 

Saline- 
Insoluble 
Gm % 

‘Precip- 
itable 
Saline- 
Soluble 
Gm % 

“Albumin- 
Containing 
Gm % 

"Globulin- 
Containing” 
Gm % 

‘Poly 
peptides’ 
Gm % 

6 

1 0 

128 7 

10 61 

7 13 

8 12 

3 90 

4 22 

2 49 



179 3 

10 00 

6 15 

8 31 

3 28 

5 03 

1 69 



Averages 

10 30 

6 64 

8 22 

3 59 

4 62 

2 09 


4 0 

196 5 

10 68 

5 69 

8 33 

4 00 

4 33 

2 35 



227 8 

9 80 

7 16 

8 23 

4 93 

3 30 

1 57 



Averages 

10 24 

6 42 

8 28 

4 46 

3 81 

1 96 


Total blood loss 156 cc In tial plasma protein 5 8 albumin 3 1, globulin 2 7 gr % respectively Total protein 
loss 9 29 


animal to animal depending on how adequately the factors contributing to 
variation have been controlled 

It IS appropriate at this point to review the status of our knowledge con- 
cerning the formation and storage of plasma protein It is fairly well estab- 
lished that protein moves into the circulation to replace that lost by hemor- 
rhage ® It has also been shown that the liver is influenced greatly by the 
protein state of the individual, during periods of liberal protein intake both 
liver size and protein content increase most rapidly^® and the reverse is true 
during fasting and during periods of low nitrogen intake On the basis of 
these and other considerations, Whipple and his associates have advanced the 
theory of a dynamic equilibrium between liver and plasma protein, with the 
liver normally maintaining a reserve of “labile” plasma protein available in 
periods of stress This concept compels one to consider the protein in the 
hvei as belonging to one of two discrete categories, one which is impoitant for 
the life and efficient functioning of the cell, and one moiety which can leave 
the cell protoplasm in periods of stress, le , after hemorrhage without affecting 
the activity of the cell The best direct experimental evidence in the litera- 
ture,®’ indicates that no single protein in the liver functions exclusively as a 
storage protein and that all proteins in the liver are similarly influenced by 
high (or low) protein intake Luck^® considers "this equiproportionality 
of increase as indicative of a labile equilibrium amo7tg the hvei ptotems by 
virtue of which an}'^ tendency of a single member to accumulate is overcome 
by its secondary conversion into its fellow proteins ” However different their 
viewpoints be, both Whipple and Luck envision a process by which one pro- 
tein IS converted into another by the regrouping of nitrogen fragments much 
larger in size than the ammo acids, although smaller than the original protein 

The present results may now be discussed in the light of these considera- 
tions A variety of effects have been observed from relatively minor changes 
in only one or two liver fractions (dog 6) to more definite alterations in most 
of the liver proteins (dog i) 
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Importance has been attached to “precipitable” protein for the reason that 
it could possibly represent the protein available by one means or another, for 
blood protein replenishment Does the failure of this fraction to be reduced 
except in one case mean that liver protein does not contribute to circulating 
blood proteins^ Relevant to this question is the increase m saline-insoluble 
protein observed m four of the dogs If this change were the result of dehy- 
dration or of the disappearance of glycogen, one would expect the “precipit- 
able” protein to increase correspondingly The failure for this to occur may be 
interpreted to mean that the liver does lose some of its protein substance after 
acute hemorrhage 

The elevation in “polypeptides” seems significant It may be that the 
liver is more important as a site of rapid formation of plasma protein from 
units of protein structure (ammo acids, polypeptides) carried to it from other 
regions of the organism. The observed increases may be the expression of an 
accumulation of such units 

The relative amounts of “albumin” and “globulin” m the liver varies from 
dog to dog However, m three of the animals following hemorrhage, the 
“globulins” seem to be enhanced and the “albumin” correspondingly 
diminished 

If liver albumin constituted “labile” protein, then its departure into the 
blood stream should result in no change in “globulin” and in a decrease in 
both “albumin” and “precipitable” saline-soluble protein Since “globulin” 
does not remain unchanged, it is difficult to point to “albumin” as a “labile” 
protein If both liver albumin and globulin are being converted into plasma 
protein by the liver, the formation of new liver protein may take place through 
globulin which is later recast into albumin. This would be m accord with the 


concept of “interconversion of liver proteins” so that the normal partition is 


tnaintained It may be significant that these alterations in the proportions of 
albumin and globulm-containing” fractions occur in the animals which have 
suffered the greatest protein loss However, in view of the unsatisfactory 
state of present methods for determining albumin and globulin all that can be 
stated definitely is that in some of the animals the physical properties of the 
saline-soluble liver proteins have been so altered that more of the globulin 
fraction is salted-out with sodium sulfite 


Summing up the results, one can visualize changes in the hver protein 
partition as a result of hemorrhage which seem to be made more evident in 
those animals which have suffered the greatest total loss of protein These 
servations offer little support for the concept of a storage protein peculiarly 
^ 1 e and distinct in chemical and physiologic properties from the other pro- 
tons in the cell protoplasm On the other hand, the alterations in the relative 
P^portion of the liver proteins are more in line with some mechanism in 
ici active synthesis of new protein is proceeding, with the liver proteins 
participating to an equal extent 

Although the mechanisms involved in plasma protein formation are 
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extremely complicated and difficult to approach experimentally, this study does 
reveal the possibilities which can be explored with a simplified liver protein 
partition procedure It is believed that with more uniform conditions with 
respect to the nutrition of the animals, a characteristic pattern of changes in the 
liver proteins in the great majority of animals would be demonstrated 

CONCLUSIONS 

A convenient method has been devised for the partitioning of liver pro- 
teins in small specimen* of liver Two mam fractions of liver tissue are first 
prepared, one soluble and another insoluble in physiological saline The 
saline-soluble mateiial is furthei fractionated into “polypeptides,” “precipit- 
able” protein, “albumin- and globuhn-contaming” fractions Reproducible 
results have been obtained The inadequacy of present methods of determining 
albumin and globulin has been pointed out 

The composition of liver piotein has been studied m dogs suffering from 
acute hemorrhage In some of the animals there were increases in “polypep- 
tides,” “globuhn-contaming,” and sahne-msoluble protein In most of the 
dogs, the concentiation of piotem soluble in saline but piecipitable by trichloro- 
acetic acid was little affected by hemoirhage However, these observations 
along with othei findings may be interpreted to suggest that the liver has lost 
some of its piotem These results have been discussed m connection with the 
problem of the formation and storage of plasma protein in the body 


We would like to express our sincere appreciation to Dr Dallas B Phemister for 
the interest and support he has given this investigation We are indebted to Mrs 
Evelyn Gordon for hei careful technical assistance 
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In recent years, the metabohsm of protein has assumed an importance 
for the surgeon as great as any other subject Operative mortality for gastrec- 
tomy has been shown to be directly proportional to preoperative weight loss ^ 
Resistance to infection decreases as depletion of proteins proceeds ^ Proper 
wound healing depends on adequate protein nutrition ® Gastro-mtestinal 
motility decreases with hypoproteinemia at times simulating adynamic ileus 
A decrease in liver fat is effected by the administration of lipotropic proteins 
and ammo acids ® Edema of anastomotic wounds, and abdominal wall wounds 
occurs in protein deficient states ® Postoperative asthenia is stated to respond 
to protein feedings Urinary suppression occasionally results from hypopro- 
teinemia ® Abnormal losses of nitrogen occur after trauma 

The above factors have focused attention on the relationship of blood pro- 
teins to tissue proteins Experiments on animals with chronic protein deple- 
tion have shown that a decrement m the plasma albumin of i Gm per cent 
reflects a loss in the tissues of 30 Gm per cent In humans, a low plasma 
protein value such as might result from an acute loss does not necessarily 
indicate that the tissues are depleted of protein Peters states that the only 
absolute criterion of protein depletion is the establishment of a positive nitro- 
gen balance The inability to establish such a balance does not, however, 
signify that depletion has not occurred Studies on tissue proteins have not 
lent themselves to direct analysis as in the case of blood proteins, and evidence 
has been secured in the mam by inference from nitrogen balance studies Low 
plasma protein values indicate a need for protein, but one cannot ordinarily 
appraise the significance of such values without some information as to the 
relation of low plasma protein values to tissue protein reserves 

In the experimental animal and in humans loss of plasma protein by 
hemorrhage or plasmapheresis or acute fasting, is at first rapidly restored 
without additional protein feeding This and other evidence has led to 

the concept that there are available labile stores of preformed protein vhich 
the body can call upon in case of need Additional evidence for such a depot is 
afforded by repletion experiments with plasma which d o not lead to hyper- 

Aided bj a grant from the Otho S A Sprague Memorial Institute 
** Present address, Department of Surgery, New York University College of 
Medicine 
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proteinemia The work of Whipple^® has indicated that a major depot for 
these “labile” protein reserves is in the liver 

Let us consider two storehouses for protein One the liver protein, the 
other the total circulating protein What are the effects of depletion upon 
these reservoirs^ If the piotein leserves mirror the concentration of plasma 
protein, isolated plasma protein determinations would take on added sig- 
nificance as a measure of protein depletion 

It is the puipose of this study to supply direct evidence so that the effects 
of protein deprivation upon blood and tissues can be correlated. Blood uric 
acid level has been reported to be a good index of the degree of protein deple- 
tion in surgical patients Its use as a criterion has been investigated as 
part of our study 

METHOD 

Liver biopsies for protein determination were obtained either by puncture 
through the abdominal wall with a Silverman biopsy needle, or m most cases 
at the time of operation when a wedge shaped segment was removed from a 
non-fibrosed area on the liver surface Plasma protein values were determined 
immediately before liver biopsies were obtained by either method Specimens 
secured during celiotomy were always taken at the beginning of the operation 
Plasma volume was determined immediately before surgery using Evans blue 
dye method 

Liver proteins were determined as described previously^® on 14 patients 
of whom four can be considered hypoprotememic by the usual standards The 
clinical diagnosis, preoperative weight loss, blood proteins, plasma volume, 
and liver proteins are represented m Tables I and II 

RESULTS 

The Relation of Hypoproteinenna to Total Circulating Protem Blood 
volume is poorly correlated with body weight, being more closely related to 
surface area Hypoprotememic patients were found to have levels for total 
circulating protem per square meter of surface area (determined according to 
the method of Meeh’s®^) slightly lower than normals (Fig i, Table II) 
The graph illustrates that there is a definite tendency for total circulating 
proteins per unit surface area to increase with an elevation m the total protem 
concentration of the serum, but the effect is by no means constant and indi- 
vidual values vary widely It can be said that the protem reservoir m the form 
of circulating proteins is by no means uniform and the magnitude of this 
reservoir cannot be appraised by simple blood protem concentrations The 
average total circulating protem per sq meter of surface area m those cases 
laving total proteins of 6 5 Gm per cent or more was 120 rfc 15 Gm per 
square meter of surface area When the total protem was less than 6 5 Gm 
per cent this value dropped to an average of 1 15 , and when less than 6 o Gm , 
an average of only 72 was found 

St patient (No 16 m Table III) an opportunity presented itself t(/ 

^ u y the effect of chronic depletion on total circulating protem This patient 
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Table I — Clinical Diagnosis — Wt Loss and Blood Protein Studies 



Pre Op 

Gm % 
Blood 

Plasma 

Grams 

Total 

Grams 
Total Circu 
lating Protein 

Patient 

Wt Loss 

Total 

Volume 

Circulating 

PerSq M 

Number 

Clinical Diagnosis in lbs 

Protein 

in cc 

Protein 

Surface Area 


1 

Ca stomach 

26 

S 75 

3217 

185 

138 

2 

Ca tail pancreas 

10 

6 64 

3040 

202 

121 

3 

Ca esophagus 

40 

5 74 

1020 

58 5 

47 1 


Ca stomach 

5 

6 64 

N D 

N D 

N D 

9 

Ca stomach 

IS 

6 26 

3149 

197 

ISO 

10 

Ca esophagus 

12 

7 78 

3127 

244 

140 

11 

Ca pancreas 

30 

6 S3 

2912 

190 

109 

12 

Colostomy closure 

30 

6 58 

1360 

89 5 

81 4 

13 

Cardiospasm 

0 

6 70 

2440 

164 

111 

15 

Hemolytic Anemia 

15 

6 16 

4234 

261 

179 

17 

Ca stomach 

so 

4 95 

2544 

126 

102 

18 

Ca stomach 

24 

6 14 

3307 

203 

117 

19 

Ca stomach 

0 

6 02 

1737 

105 

65 2 

20 

Ca colon 

0 

6 54 

N D 

N D 

N D 

22 

Ca stomach 

20 

5 52 

3523 

195 

122 

23 

Normal 

0 

7 26 

2538 

184 

116 

24 

Normal 

0 

7 21 

2988 

216 

136 

25 

Normal 

0 

7 32 

2816 

206 

122 

26 

Normal 

0 

7 68 

3042 

234 

116 

27 

Normal 

0 

7 57 

3014 

228 

132 

28 

Gastnc ulcer 

18 

7 17 

2106 

151 

96 3 

29 

Portal hypertension 

0 

7 16 

3324 

238 

161 


Table II — Blood and Liver Protein Determinations of Patients Represented in Table I 


Liver Proteins (Gm /lOO Gm Liver) 


Blood Proteins Total 

(Gm %) Saline Soluble Ratio of Sol 

Preap Nitrogen Blood 


Patient 

Number 

Total 

Pro- 

tein 

Albu- 

mm 

Glo- 

bulin 

Total 

Precip- 

itable 

Albu- 

min 

Glo- 

bulin 

Saline Salme 
In- Soluble 
soluble to Insol 

Expressed Liver 
as Protein 

Protein Ratio 

Liver 

A/G 

Ratio 

1 pre op 

5 75 

4 57 

1 18 

8 73 

5 12 

3 61 

7 89 

1 10 

10 52 

659 

1 42 

lA op 

6 04 

4 33 

1 71 

10 01 

5 44 

4 57 

4 36 

2 30 

12 18 

603 

1 19 

2 

6 64 

4 32 

2 32 

9 20* 

4 03 

5 17 

ND 

ND 

11 22 

825+ 

780 

4 

6 64 

4 27 

3 27 

10 36 

N D 

ND 

7 25 

I 43 

12 41 

641 

N D 

9 

6 26 

4 35 

1 91 

9 72* 

5 IS 

4 57 

6 37 

1 52 

11 78 

646* 

1 12 

10 

7 78 

4 24 

3 54 

9 43* 

3 54 

5 89 

5 72 

1 65 

11 43 

825* 

600 

11 

6 S3 

4 96 

1 57 

9 83 

6 92 

2 91 

5 79 

1 70 

12 98 

665 

2 38 

IS 

6 16 

4 84 

1 32 

10 76 

5 23 

5 53 

8 08 

1 33 

13 22 

573 

947 

17 

4 95 

2 61 

2 28 

9 12 

4 76 

5 36 

5 25 

1 73 

11 95 

543 

889 

18 

6 14 

3 74 

2 40 

8 67 

4 72 

3 95 

6 63 

1 31 

9 63 

707 

1 19 

19 

6 02 

4 36 

1 66 

10 42 

6 40 

4 02 

8 93 

1 17 

12 00 

578 

1 59 

20 

6 54 

4 54 

2 00 

9 70 

4 17 

5 53 

7 65 

1 27 

11 47 

675 

754 

22 

5 52 

3 81 

1 71 

13 11 

N D 

ND 

7 S3 

1 74 

14 75 

421 

N D 

28 

7 17 

N D 

N D 

12 98 

7 85 

5 13 

10 20 

1 27 

15 45 

552 

N D 

29 

7 16 

4 14 

3 02 

9 87 

6 56 

3 31 

7 91 

1 25 

12 86 

725 

1 98 


Blood 

A/G 

Ratio 


3 86 

2 S3 

1 86 
ND 

2 28 
1 20 

3 16 
3 67 
1 90 

1 56 

2 63 
2 27 
N D 
N D 
1 37 


Determinations of blood proteins expressed in Gm per 100 cc 

Determination of In er proteins expressed in Gra per 100 Gm of liver 

* Result estimated from saline soluble nitrogen albumin fraction and globulin fraction 
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GRAMS PLASMA PROTEIN 


Fig I — ^The relationship between plasma protein and total circulating 
protein per square meter of surface area is shown The values for total 
Circulating protein per Sq M surface area tends to rise with increasing 
plasma protein concentrations as is indicated by the dotted line 



Table III — Chmcal Diagnosis, Weight Loss, Blood Piotcvi and 

Uric Acid 


Concentrations in Patients with Hypoproteinemia 


Patient s 

Wt Loss 

Total Protein Blood Uric Acid 

No 

Diagnosis 

in Pounds 

Gm % 

Mg % 

1 

Ca of stomach 

26 5 

5 75 

3 65 

3 

Ca of esophagus cardia 

40 

5 74 

2 38 



(9 mos ) 



5 

Cirrhosis and G B dis 

20 

5 60 

3 24 

16 


(3 mos ) 



Postgastric Ca resection Subphrenic abscess 

Marked loss in hosp S 26 

2 99 

^17 

Extensive Ca of stomach Inoperable 

SO 

4 95 

3 54 

22 

Ca of stomach 

(lyr) 



30 

5 52 

7 12 

♦♦30 

Ca of stomach 

(30 mos ) 

52 

(6 mos ) 

5 76 

4 02 


24 hour uric acid Excretion 215 2 Mg *■* 24 hour unc acid excretion 169 0 Mg 
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had a subphrenic abscess and an internal pancreatic fistula following an exten- 
sive resection for carcinoma of the cardiac end of the stomach involving the 
esophagus and pancreas The blood protein concentration fell from 6 26 to 
526 The plasma volume decreased f 10m 3,149 to 2,670 These circumstances 
effected a drop m total circulating protein from 197 Gm to 140 Gm 

Relationship Betzveen Blood and Livei Total Piotein Concentiation — 
Figure 2 illustrates the relationship of blood proteins to total precipitable 
saline soluble protein of the liver Again wide individual variations occur but 



Fig 2 — The relationship between total precipitable liver protein and 
plasma protein concentration is illustrated With one exception, the liver 
protein concentration appears to increase with augmentation of plasma pro- 
tein This trend is designated by an interrupted line 


there is a trend toward liver protein accumulating with increasing plasma 
protein concentration The normal value of total precipitable saline soluble 
hvei proteins is m the range of 10 5 Gm per cent If one examines the ratio 
of liver protein concentration to blood protein concentration, values occur 
between 42 and 72 with the low ratios in the hypoprotememic group (Table 
II ) This finding may possibly indicate that liver proteins are less subject to 
variation than blood proteins 

Live} and Blood Albumin and Globidin Fi actions As pointed out in the 
previous paper,^® serious criticisms are indicated m the use of Howe’s sepa- 
ration of albumin and globulin by salting out whether blood plasma or tissue 
preparations are used Accordingly, these data must be interpreted with 
caution 
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The albumm-containing fraction of the liver was not significantly lower in 
hypoprotememic patients (Table II) Liver globulm-contaimng fractions are 
much higher than plasma causing a reduction of liver A/G ratios as compared 
to blood A/G ratios In only one instance was a liver A/G ratio greater than 
2 o found Although there is great vai lation in individual results, it appears 
from Figure 3 that there is a direct relationship between changes in the blood 
albumin globulin ratio and that of the liver 

Sahne Insoluble Liver Piotein The saline insoluble proteins of the liver 
represent the protein structural framework of the liver and as such cannot be 
considered available immediately for metabolic use under ordinary conditions 
This fraction is of basic importance 
since It provides a yardstick by which 
changes in the concentration of sol- 
uble protein may be considered abso- 
lute or relative For instance, an 
increase in liver fat will lower the 
concentration of saline soluble liver 
protein even though the total amount 
of this protein is unchanged By the 
same token, the concentration of the 
insoluble protein will dimmish with 
an increase in fat Nevertheless, the 
concentration of soluble protein per 
unit of structural protein will remain 
constant even though fat, glycogen 
and other substances change their 
individual concentrations The estab- 
lishment of a normal value for saline 
insoluble liver protein is of great importance in the interpretation of results 
The average value for saline insoluble liver protein in those patients who were 
normal or in a good state of nutrition was 746 Gm per cent ± i 01 (Table 
1) There were no significant differences noted m protein depleted states 
Ratw of Pi ecipitable Sahne Soluble to Sahne Insoluble Livei Protein 
This ratio is really the amount of precipitable soluble protein per unit protein 
structural mass, as was previously explained If the liver is a storehouse for 
labile protein this ratio should be inconstant and fluctuate videly depending 
upon the amount of protein being stored It will also be independent of the 
degree of hydration, fat content, and glycogen content The ratios as expressed 
in Table II are all quite constant and he between i 1 1 and i 73 , a fact \\ hich 
diminishes the possibility of any large store of preformed plasma protein in 
the liver As evidence for the validity of the statement that the ratio of pre- 
cipitable saline soluble liver protein to saline insoluble does not change e\en 
'Mth changes in fat concentration, one patient with advanced lipoid dystrophy 
was studied This patient even had an extensive enlargement of the liver and 
spleen The values for precipitable saline soluble and insoluble proteins m 
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Fig 3 —The blood A/G Ratio is plotted 
against the liver A/G Ratio Except for a 
few results, variations in plasma protein 
composition seem to mirror similar changes 
in the saline soluble liver proteins This 
tendency is represented by a broken line 
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this case were only 6 50 Gm per cent and 5 37 Gm per cent respectively The 
ratio was i 21 which is in the region observed for normal patients (Case not 
included in tables) 

EFFECO? OF PLASMA TRANSFUSION ON LIVER PROTEINS 

One patient with carcinoma of stomach (No i in tables) was seen after a 
period of active bleeding and complete pyloric obstruction He had lost 26 
pounds in a period of 2 months His plasma proteins were 5 74 He was 
given 3300 cc of plasma and 1000 cc of blood over a period of 4 days 
preoperatively The first liver biopsy was obtained by puncture through the 
abdominal wall with a Silverman needle, after 1200 cc of plasma had been 
given the day before The total precipitable saline soluble liver protein was 
8 73 Gm per cent with an albumin fraction of 5 12 Gm per cent and deter- 
mined globulin fraction of 3 61 Gm per cent The saline insoluble protein was 
7 89 Gm per cent At the time of operation another biopsy was obtained 
The total precipitable saline soluble protein had risen to 10 01 Gm , with an 
albumin fraction of 4 64 Gm and a globulin fraction of 4 57 Gm per cent 
The saline insoluble protein dropped to 4 26 Gm per cent That the protein 
concentration of the liver increased after the large plasma transfusions cannot 
be denied, but this does not necessarily indicate that intact plasma protein 
was stored as such 

The ratio of saline soluble to saline insoluble protein preoperatively was 
I 10, operatively 2 37 This result seems to indicate that some of the infused 
protein was at least temporarily incorporated into the liver although it is 
difficult to state m what manner 

TOTAL SOLUBLE LIVER NITROGEN 

Total soluble liver nitrogen was determined on all liver biopsy specimens 
As a general rule, the total soluble liver nitrogen expressed as protein was in 
the neighborhood of 300 mg per cent higher than the total protein N A por- 
tion of this non-protein nitrogen is urea, creatinine, uric acid, etc There is a 
possibility that the remaining components may be ammo acids, polypeptides, 
proteoses, or other split protein products These would be the “building 
blocks” for plasma protein synthesis The significance of a single determina- 
tion of total saline soluble liver nitrogen is difficult to interpret , with repeated 
successive biopsies it becomes of greater importance 

BLOOD URIC ACID LEVELS AS A CRITERION OF PROTEIN DEPLETION 

A recent report^® stated that blood uric acid levels were elevated in patients 
with hypoproteinemia secondary to gastiic carcinoma and that the magnitude 
of the elevation was an index to the degree of protein deficiency The rise in 
uric acid in their cases 'i\as interpreted as an attempt by the body to replenish 
the protein deficiency by means of an accelerated endogenous protein metab- 
olism Hyperuricemia vas the evidence of this acceleration 
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Plasma protein and blood uric acid levels were simultaneously obtained on 
7 hypoproteinemic patients (Table III) and 20 normal patients (Table IV) 
In patients without hypoprotememia and two patients with hypoproteinemia 
hventy-four hour uric acid excretion was studied. Determinations were made 
by the method of Folin There were no significant differences in uric acid 
blood levels 01 24 hour excretion m the two groups 


Table IV — Chincal Diagnosis, Weight Loss, Blood Protein and Unc Acid 
Concentrations tn Patients without Hypoproteinemia 


Patient’s 

No 

Diagnosis 

Wt Loss 
in Pounds 

Total Protein 
Gm % 

Blood Unc Acid 
Mg % 

2 

Ca of pancreas 

10 

(6 wks ) 

6 64 

3 27 

i 

Ca of stomach 

5 

(6 mos ) 

6 64 

5 65 

1 

Lipoid dystrophy 

0 

6 40 

6 68 

8 

Lipoid dystrophy 

0 

6 98 

4 71 

9 

Ca of cardia 

15 

(4 mos ) 

6 26 

2 26 

10 

Ca of esophagus 

12 

(3 mos ) 

7 78 

4 17 

11 

Ca of pancreas 

30 

C6 mos ) 

6 53 

3 43 

12 

Closure of colostomy 

30 

(6 mos ) 

6 58 

4 17 

13 

Cardiospasm 

0 

6 70 

4 84 

14 

Ca of stomach 

0 

6 77 

3 74 

IS 

Hemolytic anemia 

15 

6 16 

3 90 

*18 

Ca of stomach 

24 

(2 mos ) 

6 14 

3 10 

19 

Ca of stomach 

0 

6 02 

4 44 

23 

Normal 

0 

7 26 

4 00 

24 

Normal 

0 

7 21 

5 84 

25 

Normal 

0 

7 32 

3 67 

26 

Normal 

0 

7 68 

5 97 

27 

Normal 

. 0 

7 57 

5 48 

♦*28 

Gastric ulcer 

18 

(10 days) 

7 17 

3 98 

29 

Cu-rhosis 

0 

7 16 

4 02 

* 24 hour 

unc acid excretion 148 I Mg 

** 24 hour uric acid excretion 325 9 Mg 



Lenox^^ demonstrated that uric acid is retained in fasting states and an 
increase to as much as 14 mg per cent may occur after 5 days of fasting 
Brochner-Mortensen^^ mentions disease processes in which uric acid blood 
levels may be elevated because of faulty excretion It seems likely that if 
elevations m blood unc acid concentrations are occasionally found m hypopro- 
tememic patients they are purely on the basis of retention secondary to fasting 
The vork of Schoenheimer^^ with isotopic nitrogen has disproved the 
concept that there is a separate endogenous and exogenous protein metabol- 
ism, but rather that theie is a common “metabolic pool ” It iiould seem likely 
lat in hypoproteinemic patients, all metabolic processes involving protein are 
spared to the same extent, and the rate of protein metabolism becomes Iom ered 
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DISCUSSION AND CONCLUSIONS 

The protein reservoir in the form of total circulating plasma proteins 
although partially dependent upon the concentration of plasma proteins can- 
not be assessed by isolated plasma protein value The total circulating protein 
per square meter of surface area is lower in hypoproteinemic patients 

The precipitable saline soluble liver protein per unit protein structural 
mass (ratio of precipitable saline soluble to saline insoluble protein) is main- 
tained at a relatively constant level between i and 2 Gm per Gm of structural 
protein The constancy of this ratio suggests that there are definite protein 
storage limitations m the liver and also that a certain quantity of precipitable 
saline soluble protein is retained by the liver cell for preservation of vital 
functions The variations between i and 2 Gm per unit structural mass allows 
for a maximum possible storage capacity of 2 28 Gm of protein in a 1500 Gm 
liver That such storage actually occurs at least temporarily is illustrated by 
the one case receiving a large plasma and blood transfusion Since most ratios 
of precipitable saline soluble to saline insoluble liver protein are maintained 
closely in the region of i 5 it is unlikel}' that ratios raised by plasma infusions 
remain high for more than a short time Because this ratio is fairly constant 
there is a relatively large stationary protein mass in the liver Such a situation 
tends to mask any small changes in protein concentration which may occur, 
and may have led some investigators to feel that there is no relationship 
between blood and liver proteins 

That liver proteins do participate in alterations occurring in plasma pro- 
teins in evident from the data presented The rapidity with which changes 
may occur is demonstrable in the dog experiments The results of both 
studies are therefore in harmony 


STOniAKT 

A study was conducted on patients m order to evaluate and correlate the 
effects of protein depletion upon total plasma protein, albumin and globulin, 
total circulating plasma protein and liver proteins The significance of the 
various protein fractions of the liver has been discussed 

Blood uric acid determinations have little value as an index of protein 
depletion 

Thanks is expressed to Dr D B Phemister for his assistance in the promotion of 
these studies Thanks is also given to Mrs Evelyn Gordon for her technical skill m 
the performance of the many determinations 
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A SIMPLIFICATION OF THE DIAGNOSIS OF VARICOSE VEINS* 

Charles A Steiner, M D , and Louis H Palmer, M D 

Upper Dabby, Pa 

As OUR KNOWLEDGE of the pathologic physiology of varicose veins has 
increased throughout the years, numerous tests have been introduced into the 
literature which were designed to facilitate the diagnosis and treatment of this 
condition It is evident from teaching experience, as well as from contact with 
the practicing physician, that the performance and interpretation of these tests 
appears to be a formidable undertaking which is discouraging to the new 
student, and far too time-consuming for the average busy practitioner to master 

In every treatise on the subject of varicose veins, one encounters a descrip- 
tion of the following tests, the understanding of which would appear to be 
absolutely necessary before intelligent treatment could be undertaken 

1 Brodie-Trendelenburg Test 

2 Comparative Tourniquet Test (Ochsner and Mahorner) 

3 Perthes’ Test 

4 Compression Test 

5 Schwartz Test (Percussion Test) 

It would now appear that two of these tests have become obsolete and 
could well be disposed of entirely, and that one or two others are of largely 
academic interest With this in mind, it was felt that a paper which might 
simplify the diagnosis and certain aspects of the treatment of varicose veins 
would be timely 

AN EVALUATION OF THE COMMONLY ACCEPTED DIAGNOSTIC TESTS 

The above tests will be considered individually as to their performance, 
interpretation, and relative merit Since most of our readers will be somewhat 
familiar with these tests, the description of the technic and interpretation will 
be somewhat brief 


I BRODlE-TRENDELENBURG TEST 

This test was originally described by Brodie^ in 1846, and popularized by 
Trendelenburg^ in 1891 As originally described by Brodie and Trendelenburg, 
the test was devised only to demonstrate an incompetency at the sapheno- 
femoral junction Since that time, however, numerous modifications have been 
introduced so that the present interpretation is much more comprehensive 
The following is a brief summary of the performance and interpretation of 
the test 

Technc The affected leg is elevated and the veins emptied by gravity A tourniquet 
IS then applied around th e upper thigh, sufficiently tight to constrict the saphenous vein, 

* This paper is based upon the personal treatment of over 3,000 patients with 
\aricose veins and their complications at the Woman’s Medical College, Bryn Mawr, and 
Delaware County Hospitals during the past ten years 
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but not the femoral vein The patient then stands upright, and the degree of filling of 
the saphenous vein is noted with the tourniquet in place and again with the tourniquet 
removed 

Inf eiprctaiiou— Negative A negative test is one in which, with the tourniquet in 
place, the veins fill within a period of 30 seconds, and upon removal of the tourniquet, no 
increased rate of filling is observed (Fig i) Here, it is apparent that no retrograde flow 
IS taking place through the saphenofemoral junction, and that the filling was due to an 
mcompetency of the communicating veins 

Positive In a positive Brodie-Trendelenburg test, when the patient stands with the 
tourniquet in place, the varicosities will remain collapsed throughout the 30-second 



(A) Tourniquet On Varicosities 
distended at end of 30-second period 
due to reflux from communicating 
veins 

(B) Tourniquet Off No further 
distention of varicosities upon re- 
moval of tourmquet, indicating com- 
petency at the saphenofemoral 
junction 



Fig 2 — Step I Positive Brodie- 
Trendelenburg Test 

(A) Tourniquet On The varicosi- 
ties remain collapsed throughout the 
30-second period 

(B) Tourniquet Off Rapid filling 
of the veins occurs from above indi- 
cating mcompetency of the valves at 
the saphenofemoral junction 


period, but upon release of the tourniquet, the internal saphenous rapidly fills with blood 

^rom above (Fig 2) Here, the valves in the saphenous vein at the saphenofemoral junc- 

>on are incompetent, although the valves of the communicating veins are still intact 

Doiibly-Positive A so-called doubly-positive test is one in which, with the tourniquet 

place, the veins fill rapidly, and with the release of the tourniquet, even further disten- 

'011 of the veins takes place In this case, the valves at the saphenofemoral junction as well 

e valves of one or more communicating veins are incompetent 

In a Trendelenburg-nil test, with the tourniquet in place, and again with the 

^^oved, there is only slow filling of the veins from below This would 

'0 icate competency of the valves of both the saphenous and communicating systems 
01 \eins 

Y mentioned that considerable confusion exists in the literature between the 

^^rcncjclcnburg-negative and the Trendelenburg-nil tests as described abo\e In view of 
fbat the Trendelenburg-nil demonstrates competency of the \ahcs of both the 
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saphenous and communicating systems of veins, it would seem that such an individual 
would not have true varicose veins, and that this part of the interpretation of the test 
is unimportant 

This test accomplishes twm purposes First, it demonstrates any existing 
retrograde flow of blood through the saphenofemoral junction Secondly, it 
indicates the presence of one or more incompetent communicating veins between 
the superficial and deep venous systems, although it does not establish the 
level of such a vein By its use, therefore, one may determine whether or not 
high ligation of the saphenous and its branches is indicated, and, secondly, 
whether or not an additional ligation at a lower level is necessary 

II COMPARATIVE TOURNIQUET TEST (OCHSNER AND MAHORNER) 

This test was described by Ochsner and Mahorner® m 1936 as follows 

Technic The patient is draped so that both thighs and legs are visible, and he then 
stands before the observer who notes the size of the varicosities The patient then walks 
to and fro, and the examiner again observes the prominence of the veins Following this, 
a tourniquet is applied to the upper third of the thigh sufficiently tight to constrict the 
superficial, but not the deep veins, and again the size of the varicosities is noted with the 
patient walking The same procedure is followed with the tourniquet applied to the 
middle, and finally to the lower third of the thigh 

Interpi etahon — The interpretation of this test with the tourniquet at the upper third 
of the thigh is exactly similar to the Brodie-Trendelenburg test in that it demonstrates 
the relative competency of the valves of the saphenofemoral junction, and also designates 
whether or not any incompetent communicating veins exist lower in the thigh The 
application of tourniquets lower m the thigh serves to designate the level of entrance of 
anv existing communicating veins into the superficial system Also, these tourniquets by 
occluding the superficial veins, would serve to reveal the presence of a deep femoral 
thrombosis, the theory being that if the deep veins were occluded by thrombus and the 
superficial veins by tourniquets, blood could no longer escape from the lower leg, and the 
varicosities present would tend to increase rather than decrease in size as the patient walks 

This test properly performed actually affords quite complete information 
as to the status of the superficial and deep venous circulations of the leg How- 
ever, much of the information obtained from this test is of purely academic 
interest, and is actually not essential to the intelligent management of the 
vancose vein patient For example, one can demonstrate an incompetency at 
the saphenofemoral junction even more clearly in the Brodie-Trendelenburg 
test than in this test One has also learned from the Brodie-Trendelenburg test 
whether or not any incompetent communicating veins exist below the level of 
the tourniquet The actual level at which such an incompetent communicating 
vein exists is, in most instances, unimportant, since once the presence of such 
a vein has been established, low ligation of the internal saphenous below all of 
the communicating veins in the thigh will produce the desired result in the 
lower leg The segment of dilated vein in the thigh extending from the incom- 
petent communicating vein to the level of the low ligation can nearly always 
be satisfactorily obliterated by subsequent injection therapy In the occasional 
case where such a varicosity would seem to persist, ligation of that communi- 
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eating vein might be advisable, but it has been our experience that the 
Mahomer-Ochsner test does not accurately localize its exact site have 
instead determined this level by marking the uppermost portion of the dilated 
segment, and making a vertical incision in this area through which the dilated 
vein is dissected upward to the site of the communicating vein which is then 
ligated 

A practical simplification of the Mahorner-Ochsner test, therefore, would 
be to perform the Brodie-Trendelenburg test, which, as stated previously, 



Fig 3 — Step I Doubly-PosiUve 
Brodte-Tre>:delenburg Test 

(A) Tourniquet On Some filling of 
the veins occurs within 30 seconds due 
to a reflux through incompetent com- 
municating veins 

(B) Tourniquet OR Further filling 
of the varicosities occurs due to incom- 
petency at the saphenofemoral junction 


A S 

Fig 4 — Step II Tourniquet Above 
Knee 

(A) Varicosities collapsed because in- 
competent communicating veins lie above 
tourniquet 

(B) Varicosities distended because in- 
competent \eins exist below the level of 
the tourniquet 


demonstrates the presence of any existing communicating veins, following 
which a single tourniquet is applied just above the knee which will indicate 
whether the incompetent communicating veins he above or below this level 
(Fig 4) If above this level, ligation just above the knee is indicated in 
addition to ligation of the saphenous at the saphenofemoral j'unction In other 
vords, by performing the Brodie-Trendelenburg test vith this modification, 
the comparative tourniquet test is unnecessary insofar as its value in determin- 
ing the type of treatment indicated is concerned The value of the part of the 
comparatue tourniquet test which deals with the status of the deep circulation 
of the leg will be discussed later. 
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III Perthes’ test 

Perthes'^ described this test, in 1895, as a clinical method of evaluating the 
status of the deep circulation in the leg 

Techmc With the patient standing, a tourniquet is applied just above the knee suffi- 
ciently tight to constrict the superficial veins of the leg, and the size of the varicosities in 
the lower leg is noted The patient walks fairly rapidly to and fro before the observer, 
who continues to note the prominence of the varicosities 

Interpretation — Perthes interpreted this test in the following manner If the deep 
venous system is patent, the superficial veins will actually become smaller due to the 
blood in them being drawn into the deep system If the deep system is not patent, the 
superficial veins become more prominent since the blood has no way of escaping from the 
lower leg as both the superficial and deep systems are blocked 

Actually, a distinct fallac}’^ in this test is the fact that occlusion of the deep 
circulation would have to exist at the exact level of the tourniquet for a positive 
test to be obtained If an occlusion existed above or below the level of the 
tourniquet, a negative test might well result Furthermore, as will be shown 
later, a knowledge of the status of the deep venous circulation is not essential 
to adequately treat the varicose vein patient It is, therefore, evident that this 
test has little to recommend it, and may be discarded from future use 


IV COMPRESSION TEST 

This test has been recommended as an additional method of determining 
the patency of the deep venous system of the lower leg 

Techmc A compression bandage is applied from the toes to the knee just suffi- 
ciently tight to obliterate the superficial veins Patient then walks for 30 minutes with- 
out stopping 

Interpretation — ^As was pointed out above, the Perthes’ test revealed an obstruction 
only at the level of the application of the tourniquet, while this test was intended to 
reveal an obstruction at any level of the deep venous system of tlie lower leg It was 
supposed that the compression bandage by obliterating the superficial veins, here, again, 
demanded that all of the blood in the lower leg must return through the deep venous 
svstem If the deep venous system was obstructed by thrombus, the patient would com- 
plain of a cramp-hke pain before the 30-minute period had elapsed since it was believed 
that the blood could not leave the leg through either the superficial or the deep veins 
If the deep veins were open, the patient would be able to walk comfortably throughout 
the 30-minute period 

This test IS impractical for two reasons First, the time required for the 
performance of the test would prevent its general use, and, secondly, it is 
extremely difficult to apply the compression bandage with just the proper 
degree of compression Moreover, as stated above, it will be shown that a 
knowledge of the status of the deep venous circulation is not essential in the 
treatment of varicose veins Therefore, this test would seem to have little to 
recommend it, and we feel that it should likewise be discarded 
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V. SemVAETZ TEST (PERCUSSION TEST) 

This test was described by Schwartz® m 1897 as follows 

Technic The fingers of one hand are placed over tlie saphenous vein at the sapheno- 
femoral junction A varicosity above or below the knee is percussed with the fingers of 
the opposite hand 

Interpretation — If the valves of the saphenous vein are incompetent, an impulse is 
transmitted to the uppermost hand 

The results of this test are frequently unreliable, and any information 
obtained from it is more readily available from the Brodie-Trendelenburg test 
Furthermore, Mahorner and Ochsner state that Ledderhose® has quite conclu- 
sively shown that such a transmitted impulse is a normal finding in a competent 
saphenous vein. For these reasons, this test can certainly be eliminated from 
future use 

Comment. A review of the above ivould indicate that the Perthes’, com- 
pression, and Schwartz tests have little to offer, are unreliable, and reveal no 
information which cannot be obtained by more accurate methods, and it is, 
therefore, our feeling that they no longer have a place m the diagnosis and 
treatment of varicose veins It would seem that the Brodie-Trendelenburg 
test, with the additional feature of the tourniquet placed just above the level 
of the knee, as desenbed above, will actually afford all of the information 
required for one to treat any uncomplicated case of varicose veins As will be 
shown later, it is not even necessary to determine the patency of the deep 
venous circulation in order to institute adequate therapy 

DISCUSSION WITH RESPECT TO THE NECESSITY FOR THE EVAULATION 
OF THE DEEP VENOUS CIRCULATION 

Throughout the literatuie, the determination of the status of the deep 
venous circulation has always been considered necessary before any effort was 
made to obliterate existing superficial veins It was assumed that these super- 
ficial veins might be acting as collateral circulation around a point of obstruc- 
tion in the deep venous system, m which case obliteration therapy would be 
contraindicated 

It has always seemed unlikely to us, however, that dilated, tortuous super- 
ficial veins, that is, typical varicose veins, whose valves must obviously be 
incompetent, -could actually carry blood against the effect of gravity around a 
deep femoral thrombosis Furthermore, it is difficult to understand how veins 
can be acting as collateral circulation when the Brodie-Trendelenburg test 
indicates a reversed flow of blood through them It w^ould rather seem, there- 
fore, that if the deep system of veins is occluded, and if the Brodie-Trendelen- 
burg indicates a retrograde flow of blood through the visible vancosities, there 
must be an intermediate system of collateral veins present to enable blood to 
escape from the leg Thus, it would seem that in any case in which a retrograde 
flow of blood can be demonstrated by the augmented Brodie-Trendelenburg 
test desenbed above, irrespective of the status of the deep circulation, not only 
will no harm be done by ligation, but, actually, the usual benefit to the varicose 
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veins from this treatment should be expected, and even further improvement 
in the extremity obtained by lessening the load carried by the true collateral 
circulation We might add that by eliminating the varicose veins present, one 
will dimmish the tendency for superficial phlebitis (phlebitis migrans) to 
develop as it so frequently does in patients who have had a deep femoral 
thrombosis 

It might be mentioned m further support of this theory, that simultaneous 
ligations of both the superficial and deep venous systems are routinely done by 



Fig 5 — Step III Tourniquet Below Knee 

(A) Varicosities collapsed because incompe- 
tency exists at entrance of short saphenous into the 
popliteal above level of tourniquet 

(B) Varicosities distended because incompetent 
communicating veins exist below level of tourniquet 


many of us m the active treatment of phlebothrombosis with no untoward 
results Furthermore, in phlebothrombosis, one is dealing with veins which 
w ere essentially normal until the thrombosis occurred , that is, no time-interval 
for the development of a collateral circulation existed as it does in the case of 
chronic deep vein thrombosis 

SUGGESTED APPROACH TO DIAGNOSIS 

When the new patient appears for examination, the usual history and 
physical examination are done A diagnosis of varicose veins having been 
established, the following procedure is suggested 

Step I The Brodie-Trendelenburg test is performed, after which one should know 
the status of the vaUes of the saphenofemoral junction as well as the existence of any 
communicating vems below this level 
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If the Bi odtc-Trendclenbttt g test is negative (Fig i), indicating that the valves of 
the saphenofemoral junction are intact, but that one or more incompetent communicating 
veins exist below the level of the tourniquet, the next step is performed 

Step II The Brodie-Trendelenbutg test is repeated with the tourniquet applied just 
above the knee instead of at the saphenofemoral junction (Fig 4 ) If the varicosities 
lemain collapsed, one n\ay assume that all incompetent communicating veins he above the 
level of the tourniquet, and ligation of the saphenous just above the knee is indicated It 
has been our experience that ligation here, without a ligation of the saphenous at the 
saphenofemoral junction, does not produce a complete nor permanent result, and m such 
cases It has been our custom to pertorm a high ligation of the saphenous, with its 
branches in addition As was stated in the discussion of the Mahorner-Ochsner test, 
“the segment of dilated vein m the thigh extending from the incompetent communicating 
vein to the level of the low ligation can nearly always be satisfactorily obliterated by 
subsequent injection therapy In the occasional case where such a varicosity would seem 
to persist ligation of that communicating vein might be advisable ” This is accomplished 
by marking the uppermost portion of the dilated segment and making a vertical incision 
through which tlie dilated vein is dissected upward to the site of the communicating vein 
which IS then hgated and the dilated segment itself is excised 

If, on the other hand, the varicosities fill as rapidly as before the application of the 
lower tourniquet, one of tw'o possible causes exists (i) A retrograde flow of blood may 
take place from the popliteal vein to the external saphenous, or (2) a retrograde flow 
of blood may pass from the deep to the superficial veins of the calf through the com- 
municating veins of the lower leg In either event, one further step is then indicated 

Step III The Brodie-Trendelenburg test is again repeated, this time with the 
tourniquet just below the level of the entrance of the external saphenous vein into the 
popliteal vein (Fig 5) If the veins now remain collapsed with the tourniquet in place, 
one may assume that a valvular incompetency exists at the entrance of the short (external) 
saphenous into the popliteal, and ligation should be performed at this point Should the 
veins, however, fill as rapidly as before, one assumes that the incompetency exists m the 
communicating veins of the lower leg and injection therapy alone will produce a satis- 
factory result m nearly every instance Here again, if a dilated vein should persist after 
several injections, local excision of this vein and ligation of the communicating vein 
thiough a vertical incision can easily be done 

If the Brodie-Trendelenburg test is positive at the saphenofemoral junction (Fig 2), 
indicating incompetency of the valves at this site, one immediately knows that high 
ligation alone is indicated Occasionally a few supplementary injections may be necessary 
if any residual varicosities exist when this has been done 

If the Brodie-Trendelenburg test is doubly-positwe (Fig 3), indicating an mcom- 
petency of the valves both at the saphenofemoral junction and m the communicating veins 
below this level, one knows at once that high ligation is indicated, but Step II, and 
possibly Step III, will be required to disclose the type of supplementary therapy necessary 
The performance and interpretation of these steps has been described under “negative 
Brodie-Trendelenburg test” 

Since we have shown above that there is no need to determine the status 
of the deep circulation, the clinical examination of the varicose vein patient is 
completed at this point However, there are occasional cases where actual 
roentgenographic visualization of the veins of the leg is necessary to arrive at 
the proper plan of therapy We have found venographic studies to be helpful 
m the following instances i Where swelling, induration and obesity have 
rendered certain features of the clinical examination inconclusive 2 Where 
patients have responded poorly to adequate therapy, venograms have occa- 
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sionally demonstrated an undetected incompetent communicating vein, or an 
anomalous saphenous vein 


SUMMABY 

I From teaching experience, as well as from contact with the practicing 
physician, it is evident that much confusion exists with respect to the diagnostic 
procedures which have been described in the treatment of varicose veins Since 
the institution of appropriate therapy depends entirely upon an accurate diag- 
nosis, this phase of the subject is particularly important 

II A reevaluation of the five tests commonly described in every treatise on 
this subject reveals that three of them, namely the Perthes’, compression, and 
Schwartz tests, have become obsolete and should be discarded from future use 
A fourth test, the Mahomer-Ochsner (comparative tourniquet test), while 
affording quite complete information about the status of the superficial and 
deep circulations of the leg, is somewhat complicated, and the information 
revealed is of largely academic interest 

III The importance of determining the patency of the deep venous circu- 
lation in the treatment of varicose veins has been overemphasized, and the 
complicated tests described to elicit this information have added much to the 
confusion of the examiner It is our belief, that irrespective of the status of the 
deep circulation, if true varicose veins are present, they should be treated 
as such 

IV A simplified approach to diagnosis, which requires little special 
knowledge, and which may readily be performed as a simple office procedure, 
IS described 
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GIANT INTRACANALICULAR FIBRO-ADENOMA OF THE BREAST 

Report of a Case 
James C Clarke, M D. 

La. Change, Iee 

FROM THE DEPARTMENT OF SURGERY THE MCSEAL MEMORIAL HOSPITAL BERWYN ILLINOIS 

Advanced cases or intracanalicular fibro-adenoma of the breast 
present a bulky, freely movable, encapsulated, nodulated, often ulcerated and 
fungatmg tumor In 1827, Cumin^ reported the first case recorded m medical 
literature of a large breast tumor of “firm cystic with mtracystic fungoid 
growths ” In 1931 Lee and Pack,^ in an exhaustive review of the literature 
since Cumin’s case, collected 105 similar cases and reported four of their own 
MacKenzie,® in 1935, reported a 24 6 pound “adenofibroma of the breast ’’ 
Owens and Adams,® 1941, collected 12 more cases from the literature of the 
preceding decade and added one of their own, bringing the total repoited at 
that time up to 123 As nearly as can be determined from the descriptions of 
all the reported cases, only 10 of these tumors exceeded m size and weight 
that of the case reported in this paper 

Many names have been given to this type of tumor, each emphasizing one 
aspect of Its protean nature All of these were listed in the repoit of Owens 
and Adams® and will not be repeated The consensus of opinion now is that 
the most accurate terminology is intracanalicular fibro-adenoma, character- 
ized in the late stages by myxomatous degeneration Because of this myxoma- 
tous degeneration, these late cases have been called “intracanalicular myxoma 
and cystosarcoma phyllodes ’’ However, since these tumors are not truly 
malignant, this nomenclature is misleading Although sarcomatous degenera- 
tion may occur, it usually does not, even when the tumor has existed for 
many years 

REPORT OF A CASE 

Mrs A C, the patient, was 52 years old, white, married and nulliparous Her 
mother had had a goitre The family and past history were otherwise irrelevant Upon 
admission to the hospital, July 19, 1944, her chief complaint was an enormous tumor of 
the right breast (Figs i and 2) Thirteen years ago, she discovered a lump in her right 
breast, which gradually increased in size, until she could no longer endure it, because 
of its size and weight Three and one-half years ago the tumor began to ulcerate and 
exude a bloodj serum from the raw surface requiring dailj dressings During the past 
five years she had lost 25 pounds weight and had noticed increasing nervousness Palpi- 
tation and insomnia had been present for two years In the past four months marked 
weakness had developed There had been no diarrhea 

Physical examination revealed an anemic, poorly nourished, white female, not 
acutely ill She was s feet 514 inches tall and weighed 1 19 pounds Her temperature was 
1002 degrees, pulse 100, and respirator} rate 20 There was no lagophthalmos or 
exophthalmos and the pupils were equal and reacted to light and accommodation There 
was a marked diffuse h}perplasia of both lobes and isthmus of the thyroid and a fine 
tremor of both hands 
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There was an enormous tumor of the right breast, 6 x 9 x lo inches in diameters 
Most of its surface was raw, fungatmg and nodulated with only a rim of skin around 
the periphery It was of solid consistency, very heavy and hung freely on a pedicle of 
skin There were no palpable axillary lymph glands The heart was slightly enlarged, 
the left border being just outside the midaxillary line The rhythm was regular There 
was a loud systolic aortic murmur The rate was 100 to no Blood pressure was 
138/70 The reflexes were hyperactive There was no edema of the extremities Physical 
examination was otherwise negative 



Fig 3 — ^Low power Adeno-fibroma of breast Glandular, papillary, 
fibrous structure, secretory in type 


The urine was negative Hemoglobin was 43 9 per cent or 6 80 Gms Red cells 
3,300,000, leucocytes 8,000, P-72 per cent, L-24 per cent, M-4 per cent B M R was plus 
43 per cent A roentgen-ray examination revealed a 4 per cent enlargement of the heart 
and generally increased lung markings E K G -rhythm was normal There was evidence 
of a partial A V block, and a left axis deviation The diagnosis of adenofibroma of the 
right breast, toxic adenoma of the thyroid and arteriosclerotic heart disease, was made 
Four days after admission to the hospital a simple right mastectomy was performed 
under nitrous oxide and oxygen anesthesia On the second postoperative day the tem- 
perature dropped to normal and remained there She was then put on ten drops of 
Lugol’s solution 1 1 d , pc and three capsules of liver and iron q 1 d and sent home 
Three weeks after the mastectomy she returned to the hospital weighing too pounds, and 
a subtotal thyroidectom}’- was performed 

The pathologic study was made by A H Baugher, M D The specimen consists of 
a mass weighing ten pounds and measuring 22 x 21 x 14 centimeters It is incompletely 
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surrounded and covered by skin which shows many ulcerating areas These areas vary 
in diameters up to seven centimeters, and have the general appearance of a granulating 
surface On gross sectioning this tumor mass is found to be composed of numerous 
nodular, somewhat discreet, masses of tissue These nodular masses are yellowish-gray, 
soft, and fibrous Many hemorrhagic areas are found throughout These vary m size 
up to several centimeters in diameter Necrotic and cystic changes are also found 
throughout Grossly, the above structures represent a right breast which has become 
excessively large, pendulous, and ulcerated The pedicle measures five centimeters in 
each diameter and three centimeters in length 



Fig 4 — High power Adeno-fibroma of breast (High power of 
#3) Note colloid of myxomatous degeneration 


Histologic sections show a predominant and marked overgrowth of the glandular 
elements The stroma also shows marked hyperplasia The glands are lined by a uniform 
epithelium which is secretory in type These epithelial elements frequently show a 
papillary growth into definite alveoli and distended tubules The basement membrane is 
intact Many of the distended alveoli contain an eosin staining material The interstitial 
fibrous connective tissue shows moderate penacinous proliferation and moderate myxo- 
matous degenerative changes The diagnosis is benign, pendulous, intra- and peri-canahc- 
nlar adenofibroma of right breast (Figs 3 and 4) Study of the thyroid gland reveals 
an adenomatous colloid hyperplasia of the thyroid 

Six weeks later the patient’s basal metabolic rate w'as plus 12 per cent and her 
Weight 124 pounds Seven months after thyroidectomy her weight was 150 pounds, her 
normal weight Up to the present time the patient is in good health 
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CONdiUSION 

1 An unusual case of giant fibro-adenoma of the breast weighing ten 

pounds IS reported , 

2 There was a concomitant toxic adenoma of the thyroid which masked 
the picture 
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MASSIVE RESECTION OF THE SMALL INTESTINE 
H D. Cogswell, M D 

Tucsosr, Arizona 

When a situation presents itself, requiring excision of a large segment 
of small bowel, the "surgeon is confronted with the alternative of allowing the 
patient to die or resorting to a heroic effort to save the individual by resec- 
tion Such cases are never of an elective nature and are encountered so 
rarely that I quote Holman^ to introduce the following report "The following 
case history may lighten the anxieties of other surgeons who may have to 
undertake resection on a heroic scale At the time of operation imperfect 
acquaintance with the published work led me to take a gloomy view of the 
patient’s prospects ” 

CASE REPORT 

Mrs H C, a female, age 48, entered the hospital on July 7, 1946, m shock com- 
plaining of severe pain in the epigastrium which radiated to the back 

The patient had been under treatment for rheumatic heart disease for the past 
several years and had been confined to bed for most of the time during the past year 
For this reason she had recently come to Arizona Four days before admission the 
patient had noted epigastric distress with abdominal cramping and diarrhea On the 
morning of entrance to the hospital the patient had a sudden attack of severe pain in the 
epigastrium followed by nausea, vomiting and collapse When seen by her physician, 
Dr Norman Jacobson, she had a blood pressure of 60/40, respiration 32, a pulse rate of 
140 and was pale and perspiring Both lungs were moist, with rales in the bases Sinus 
arrythmia, enlargement of the heart to the left, and a loud systolic and diastolic murmur at 
the apex was present The abdomen was distended with marked tenderness over the 
epigastrium Bowel sounds were absent No fluid level could be ballotted or percussed 
No involuntary rigidity was present Rectal and pelvic examinations revealed no 
abnormalities 

Serum amylase was 17 mgs (normal 20-40 mgs) RBC 4,870,000, Hb 15 Gm , 
WBC 10,960, Stab 14, Seg 59, Lymph 27, Urine (Voided) albumin 2 plus, leuco- 
cytes 2-4 , erythrocytes, neg 

Roentgenograms of chest “Suggest old rheumatic heart with left auricular enlarge- 
ment” Roentgenogram of abdomen — "Liver moderately enlarged, distention of major 
portion of small bowel No free air in abdomen ” 

Cluneal Diagnosis Mesenteric thrombosis 

Opciation Under general anesthesia left paramedian incision was made, and on 
opening the peritoneal cavity a moderate amount of “port wine colored” fluid was found, 
having a putrid odor Most of the small intestine was found to be gangrenous There was 
no evidence of spillage from the bowel, but there was a good deal of the bloody serous 
material present in the cul-de-sac For 14 inches from the ligament of Treitz the jejunum 
appeared viable The bowel was then traced distally toward the cecum, and it was found 
that there was no further viable bowel remaining to the cecum , the cecum itself was 
discolored and there was some question about whether its circulation was ample Resec- 
tion of the entire small intestine with exception of about 14 inches of the jejunum and 

* Thomas-Davis Clinic 
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the duodenum was done The intestine was resected up to the cecum and this area was 
inverted with three layers of sutures The portion of the jejunum remaining was then 
brought to the ascending colon and an end-to-side anastomosis made, using three layers 
of sutures The mesentery was tied with #i plain catgut The patient withstood this 
rather well, her condition be ng maintained by intravenous blood during the operation 
The abdomen was closed in layers One penrose drain was left in the subcutaneous tissue 
Post Operative Diagnosis Arterial embolism of the superior mesenteric artery with 
gangrene of the greater portion of the small intestine 

Pathologic Report Gross Specimen consists of a portion of small intestine 310 cm 
in length Much of the intesline and attached mesentery are very dark in color, giving 
the appearance of beginning g uigrene The small blood vessels are filled with blood clot 



t 


f 


Fig I — Photograph showing the intestine removed at operation 


Microscopic There is marked extravasation of blood into the tissue of the 
mesentery Small blood vessels are filled with organized blood clot 
Diagnosis Mesenteric thrombosis 

Wangensteen nasal suction, constant O2, intravenous fluids, transfusions, digifolin 
and penicillin 20,000 units every three hours were begun Heparin was instituted on the 
first postoperative day with exercises on pedals Nasal suction was discontinued on 
7-12-46, on which day she passed several liquid stools The temperature varied from 99 
to 102 degrees the first week, then declined to normal On 7-14-46 the patient had mod- 
erate bleeding from her incision and heparin was discontinued On 7-15-46, the blood 
cholesterol was 118 mg/ioo cc (Normal 150-200 mg/ioo cc ) The patient was given 
a high protein, low fat diet and had from four to eight liquid, foul stools daily On 
7-26-46 it was observed that the patient had mild carpopedal spasm On the same day 
the blood calcium was 7 7 mg per 100 cc, a plasma protein was 7 Gm per 100 cc, and 
a glucose tolerance test was normal Calcium gluconate with viosterol was instituted 
with rapid subsidence of the carpopedal spasms Ambulation was started on 7-16-46 The 
patient was discharged from the hospital on 7-31-46, having four to six liquid bowel 
movements daily 
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The patient gamed strength and returned to her home m Ohio in September 1946 
A letter dated January 20, 1947, from the daughter who is a graduate nurse, states “The 
patient has been m the hospital three times since leaving Tucson Her first visit was in 
October with the diagnosis of acute myocardial failure Three weeks later with acute 
myocardial failure, pneumonia and pulmonary edema Her third trip was last week for 
four days I don’t know what the last diagnosis was, but she coughed a lot and expec- 
torated a lot of frothy bright red blood for the first two days Between visits to the 
hospital she had been out of bed, knitting, etc She weighs between 95 and 100 pounds 



Fig 2 — Postoperative x-ray film, taken on July 30, 1946, 
showing length of small intestine remaining The film is retouched 
for clarity Due to rapid passage of barium it was necessary to 
superimpose another film to determine the exact outline before 
retouching 


Her appetite is excellent She eats every four or five hours when awake She has a 
partially formed stool each morning and about four hours after each meal, the latter 
stools are loose and frothy in appearance ” 

COMMENT 

The term “massive” when applied to resection of the small bowel is indic- 
ative that the amount of intestine removed measures 200 cm or more The 
majorit)' of reports on this subject which have appeared in the literature have 
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emphasized the amount of intestine removed Little or no mention has been 
made as to the amount of bowel remaining to carry on the absorption and 
digestion for maintaining nutrition, yet this is the most important factor to be 
considered This omission becomes more obvious when it is considered that 
the small bowel vanes considerably between the races, the individual’s diet, 
and the sexes Bryant’^ found that the small intestine’s length varied from lo 
feet (304 cm ) to 28 feet 4 inches (863 cm ) in adults It is shorter in women 
than m men and relatively longer in children The Japanese and Russians, who 
eat coarse foods have longer intestines than races eating meats and more 
lefined foods 

There are many reports of massive resection reported, beginning with 
Koeberle in 1880, with recovery of the patient (quoted from Haymond) 
Haymond made a thorough review of 257 cases of massive resection and 
found that the mortality was 33 5 per cent but concluded that this did not 
represent the true mortality because of the tendency to report only the success- 
ful cases He concluded after studying these cases that a patient can with- 
stand a resection of 33 per cent of the length of the small intestine with the 
expectation that the digestive tract will return to normal function , 50 per cent 
removal constitutes the upper limit of safety in extensive enterectomy and 
resection of more than 50 per cent must necessarily yield poorer results even 
though an exceptional case may do better than predicted Sarnoff^ states that 
the removal of 80 per cent proves fatal In th*e case herein reported about 80 
per cent of the small bowel was resected with survival 

The small intestine is the chief portion of the alimentary tract from which 
food stuffs are absorbed No significant absorption occurs in the colon The 
jejunum absorbs more fluid and sugars and the ileum absoibs the major 
portion of the digested proteins and fats When a large segment of small 
bowel is removed compensation takes place in several ways Flint® performed 
long enterectomies on dogs and found that the remaining portion did not grow 
in length but increased in diameter to twice the previous size There was no 
regeneration in the crypts or villi,fbut an inciease of 400 per cent in the absorb- 
ing surface was found The villi are more numerous in the duodenum and 
jejunum, and in these regions the absorption rate is also the greatest The 
surface area of the intestine, averaging one half square metei, is increased 
almost to 10 meters by means of these projections ® It is stated by Sarnoff 
that compensation for resection of the ileum is aided by an increase in gastric 
secretion, and gastric digestion lasts two hours longer In our case 50 per cent 
of the barium was retained in the stomach after the remainder of the barium 
meal had advanced as far as the sigmoid Wildegans'^ found that fats and 
proteins w'ere not W'ell digested during the first four w'eeks in dogs after 
resection of two-thirds of the intestine, but that the animals later regained 
this ability to a certain extent 

Metabolic studies w^ere made by West et al®* ® of a man wuth all but three 
feet of small intestine resected It was observed that carbohydrates were as 
well utilized as in normal individuals , 75 per cent of the protein and 55 per 
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cent of the fat weie metabolized The fecal fat consisted of 8o pei cent fatty^ 
acids which indicated a good degree of digestion, but a considerable part of 
this may have occuried after the fat had reached the large intestine m which 
case it wouldn’t have been absorbed When a high fat diet was given, only 38 
per cent of the fat was utilized and the patient developed a negative calcium 
balance manifested by tetany and a low blood calcium The large amount of 
free fatty acids m the stool apparently earned the calcium away m the form 
of a calcium soap It seems unlikely that these soaps would be absorbed except 
in the lo^^er intestine since a significant degree of saponification would not 
occur in the usually acid contents of the duodenum and upper jejunum Cosh^” 
recorded a case of massive resection with achlorhydria who later developed 
tetany He believed the anacidity was an important factor since the absoi ption 
of calcium which occurs primanl)'- as calcium chloride m the upper intestinal 
tract IS favored by an acid medium West et al , noted a negative phosphorus 
balance m their patient, this could be accounted for on the basis of poor cal- 
cium absorption On a high carbohydrate, low fat diet and a high calcium and 
vitamin D intake the phosphorus and calcium weie brought into positive 
balance In a case studied by Dragstedt, described by Haymond,^ with only 
55 cm of small intestine functioning, it was found that a normal chloride 
balance was maintained In our case a low blood cholesterol was present 
which was probably related to the inefficient lipid absorption No reports have 
been found ■\^hlch compared tl^ absorption and digestion within retained 
segments of ileum with those m which only jejunum remained intact The 
greatest number of reports available for study neglected to state which portion 
of the small intestine remained after resection and this is an important factor 
in prognosis A higher percentage of patients should show inanition if the 
upper segments (jejunum and/or duodenum) aie removed than if the lower 
segments are resected It is logical to assume that resection of the ileum is 
more often demanded than that of the upper small intestine The lower bowel 
IS much more liable to become involved in a volvulus (the most frequent 
reason for massive resection) and the same portron of intestine is more fre- 
quently affected by arterial emboli due to the fact that it receives its blood 
supply from the lower portion of the superior mesenteric artery where emboli 
are more likely to lodge Other factors affecting prognosis are the length of 
the bowel remaining, its degree of compensatory reaction, the disease which 
necessitated its removal and the resistance of the patient Inadequate com- 
pensatory changes following massive resection of the small bowel result m a 
loss of weight, anemia, diarrhea, edema, tetany, weakness (potassium loss^) 
and possible vitamin deficiencies 


suaaiARY 

A case of massive resection of the small intestine has been reviewed, in 
^\hich no more than fourteen inches (35 cm ) of the jejunum was left remain- 
mg, with survival of the patient She has manifested the same symptoms and 
findings as other such reported cases, namely poor fat digestion w'lth frequent 
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fatty stools, associated low cholesterol and deficient calcium absorption The 
carbohydrates and proteins were well metabolized There was good response 
postoperatively on a high piotein, high carbohydrate, low fat diet augmented 
by oral calcium and vitamin D 
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BOOK REVIEW 

Color Atlas op HPiMATOLOGy 

By Roy D Kracke, M D , Dean of the Medical College of Alabama 204 pages and 107 
illustrations including 32 color plates J B Lippincott Company, Philadelphia, $6 00 

This book was intended by the author to supply the need for a color atlas of 
hematology for the use of medical students, laboratory workers and general practitioners 
of medicine The first 16 pages are occupied with definitions of hematological terms 
Some of the definitions are needlessly restrictive Oxygen tension is defined as applying 
to the bone marrow, photelometer as an instrument to measure the amount of hemoglobin 
Others (like the Van den Bergh reaction) tell the purpose of the test without defining 
the reaction itself This section is followed by a brief consideration of the origin and 
development of blood cells and a description of the morphology of the cells themselves 
accompanied by clear, well spaced out, colored drawings, paired with diagrams for the 
identification of each cell 

Other chapters deal with the hematologic appearance of various blood disorders 
(anemias, leukemias) Plate #17 illustrates the appearance of the blood in hemolytic 
jaundice but fails to delineate the presence of spherocytes, though they are alluded to in 
the explanatory text Dohle bodies, not uncommonly seen in septicemias, are not men- 
tioned anywhere, though one polymorphonuclear leukocyte containing them may be found 
in plate #14 Auer bodies are not mentioned or illustrated The later chapters of this 
useful manual deal with the technic of various hematological determinations, an illustrated 
discussion of common blood parasites, and the appearance of the blood cells of certain 
common laboratory animals The book fulfills rather well its chief purpose, namely, to 
supply pictorial and descriptive information for the guidance of workers in this field 

Leandro M Tocantins 
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COMPLETE TRANSPOSITION OF THE AORTA AND THE 

PULMONARY ARTERy 

Experimental Obseivations on Venous Shun Is as Collective Pioceduies 
C Rollins Hanlon, M D , and Alfred Blalock, M D 

BALlIMORr, Md 

FROM THE DEPARTMENT OE SURGER\ OF JIIC JOHNS HOPKINS UNIVERSIT\ 

AND THE JOHNS HOPKINS HOSPITAL 

Complete transposition of the aoita and the pulmonai}^ aiteiy is an 
infiequentl}^ encounteied conditioiP’ which ma}^ be diagnosed with 
fan accuracy duiing life Recent piogiess in the suigical therapy of other 
types of congenital heait disease has pioinpted us to approach the pioblem 
of tiansposition in a similar fashion We shall discuss some possible modes of 
surgical attack on tiansposition of the gieat vessels aftei a biief leview of its 
pathologic anatomy and physiology 

The pathogenesis of tiansposition is still not v holly cleai despite inten- 
sive study of the pioblem foi moie than a century A numbei of ingenious 
and conflicting theoiies have been adduced, none of which is completely satis- 
factoiy, and the accompanying difteiences in teiimnology have fuither con- 
fused the issue For a ciitical levieu of the subject one may consult the recent 
papeis of Hams and Faibei*^ and Lev and Saphn 

111 complete (“uncoirected”) tiansposition of the gieat vessels the aoita 
arises from the ventiicle leceivnig systemic venous blood and the pulmonaiy 
artery aiises fiom the ventiicle leceiving oxygenated blood Blood pumped 
out by the left ventiicle through the pulmonaiy aiteiy to the lungs leturns 
thiough the pulmonary veins and left amide to its point of origin, the right 
ventiiculai blood emerges thiough the aorta and proceeds 111 a snmlail} 
dosed cncuit through the systemic cii dilation The gieatei and lessei cii- 
culations aie thus basically sepaiate, a condition obviousl} incompatible with 
continued existence In most instances, howevei, some degiee of communi- 
cation exists lietween the two cii dilations In waj'’ of septal defects 01 othei 
abnoimalities These compensating abnoi mahlies send some oxjgenated 
blood thiougli the svsteimc cii dilation, thus jienmtting the jiatients to suivuc 
foi vaiiable jieiiods 

“Tiansposition” in pine foim consists ineidy of a posterioi ongin of the 
pulmonar}^ arteiy that goes diiectl) back to the lungs, -whereas the aorta 
arises anterioih and escapes its usual encirclement by the pulnionar} arteri 
If the ven tiides aie snmlail} leiersed in position no ph3sioIogic abnoi inality 

* Aided by a grant from The CaioKn Rose Strauss Foundation, Monroe, Louisiana 
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IS evident and the transposition is “corrected ” But if the pulmonaiy arteiy 
arises from the ventricle receiving oxygenated pulmonary blood and the aoita 
from the ventricle receiving systemic venous blood, the transposition is termed 
“complete," “uncorrected,” or “transpositio vera ” It is this latter condition 
which we shall discuss 

The term “uncorrected” was adopted piesumably to indicate that the 
abnormal position of the great vessels was not “corrected” by a similar change 
in the position of the ventricles It is a pool term, however, since it suggests 
that no other compensatory abnormality is present, such as interatrial oi 
interventricular septal defects One must realize, however, that every patient 
with “uncorrected” transposition who survives beyond fetal life has additional 
abnormalities tending to correct the lack of mixing between the two circula- 
tions Because of this confusion we favor the term “complete transposition” 
(“transpositio vera”) 


For a patient with complete trans- 
position to survive after birth there 
must be a means by which oxygenated 
blood reaches the aorta This may be 
effected by way of an interatrial or 
interventricular septal defect, by a pat- 
ent ductus arteriosus, or by passage of 
pulmonary venous blood into either 
vena cava Such abnormalities in vari- 
ous combinations provide a degree of 
compensation which in rare instances 
has resulted m prolonged and fairly 
normal existence 

The literature on this point has 
been surveyed by Kato,® who collected 
92 cases of transpositio vera and added 
five of his own In 85 of these 97 cases 
the data are sufficient for analysis At 
least 15 cases have since been reported 
by others,®’ and we 

include an additional 23 studied at 
autopsy in The Johns Hopkins Hos- 
pital to make a total of 123 complete 
transpositions 

Of Kato’s 85 cases, 70 died in less 
than a year In those with complete 
transposition and an atrial septal defect the survival time averaged over two 
years, while in those with transposition and a ventricular septal defect the 
average age at death was well over four years The combination of interat- 
rial and interventricular septal defects gave an average survival time of five 
and onc-half years in i 6 cases It should be noted that the inclusion of two 
individuals aged 19 and 56 years lends an unduly favorable character to the 
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average survival time foi the group with combined defects Without this 
long-surviving pair the average life span of the group would be less than a 
year Long survivals are of course quite likely to be reported individually m 
the literature, while stillbirths or neonatal mortalities are included only in 
large senes or not reported at all 

In the 123 collected cases the average duration of life was nineteen months 
Six patients lived ten years or longer, if these are excluded, the average 
duration of life for 117 patients is only five and one-half months The sur- 
vival time of patients with complete transposition and various associated 
abnormalities is seen in the following table 


Table I — Complete Transposition 

Duration of Life with Vaitous Associated Ahnoi maltUes 

Associated Abnormality 

No of Cases 

Duration of Life 

Patent foramen ovale*. 

13 

1 V r 11 mo 

Patent ductus artenosus 

12 

64 days 

Patent foramen ovale plus ductus arteriosus 

44 

40 days 

Interventncular septal defect 

12 

4 yrs 1 mo 

Patent foramen ovale plus interventncular septal defect 

19 

4 yrs 9 mo 

Patent ductus artenosus plus interv^entncular septal defect 7 

Patent foramen otale and ductus artenosus plus interventncular septal 

2 yrs 3 mo 

defect 

16 

5 mo 

Total 

* Indicates any mteratnal septal defect 

123 

Average duration — 19 mo 


It IS appaient that in complete transposition an interventricular septal 
defect IS the single compensating abnormalit}^ associated with the largest life 
expectancy A patent interatrial septum is the next most favorable isolated 
defect, and the combination of these two gives the best j^rognosis of all 

As a result of these defects some oxygenated blood passes into the aorta 
A similar result may occur when pulmonary veins empty into the systemic 
venous auricle or into either vena cava 

Suigical therapy for transposition of the gieat vessels might reproduce 
any of the defects mentioned above Interventnculai defects have been pro- 
duced experimentally for many yeais, but it is difficult to control the size of 
the defect, and a blind approach through the ventricular wall makes the 
procedure both uncertain and hazardous Further developments m the technic 
of mtracardiac manipulation undei cardioscopic control may alter tins aspect 
of the problem, but our current discussion is limited to experimental proce- 
dures carried out under direct vision 

Having excluded interventricular sepiai defects and leaving the technic 
of producing interatrial defects and other procedures to subsequent communi- 
cations, ue ma} consider the artificial production of pulmonar}* venous return 
to the I ight side of the heart This condition is found occasionally at autops} 
m patients who haAc shown no symptoms of cardioi asculai alinormality The 
number of pulmonary \ eins entering the right side vanes from one vein up to 
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all the veinb, a condition \\hich is found in about a thud of these individuals 
The subject has been well reviewed bj^ Broch/ and the surgical significance of 
anomalous pulmonary veins has lecently been stiesscd by Brantigan - This 
author mentions the possibility of transfeinng abenant pulmonary veins from 
the right atrium or its tributaries into the left ati lum In the present studies 
we aie concerned with a directly opposite procedure, namely, the anastomosis 
of pulmonai}^ veins to the light atrium or its tributaries 

Such a venous shunt would bung oxygenated blood to the right side of 
the heait To test the effect of this on an expeiimental transposition, one 
must fiist produce the corrective shunt and subsequently produce the trans- 
position, if the sequence of the procedures were reveised the animal could 
not possibly survive In a nuinbei of attempts, which ai e being continued, we 
have not yet succeeded in pioducing a complete ti ansposition of the aorta 
and the pulmonary aiteiy in the dog Therefoie our observations are con- 
fined to (l) anastomoses of the pulmonary veins to the right auricle, and 
(2) anastomoses of the pulmonary veins to the superioi vena cava 

METHODS AND PROCEDURES 

Healthy adult mongiel dogs were used, varying in weight fiom 60 to 
200 kg The average weight was 106 kg After premedication with moi- 
phme sulfate (^4 to 14 gr ) and Hoo gr of atropine sulfate they were 
anesthetized by drop ether followed by intioduction of an endotracheal 
catheter with inflatable cuff A mechanical device provided regular periodic 
inflation of the lungs with ethei vapor while the chest was open An inter- 
costal approach through the right fourth interspace afforded adequate expo- 
sure in all cases At the conclusion of the procedure the iibs weie appioxi- 
mated by absorbable pencostal sutures and air was evacuated from the pleural 
cavity before closuie of the skin by means of an intei costal catheter All 
wounds were closed in layers with fine silk 

In both groups 1 of animals we used a special occlusive clamp which 
allowed bloodless access to one portion of the heait and veins while per- 
mitting a relatively free flow of blood in their remaining portions This 
clamp (Fig i) consists essentially of two semicircular jaws of rounded 
wire, the uppei one sliding in a grooved handle and capable of exciting 
pressure against the lower, fixed jaw by means of a spring 

I Anastomosis of Pulmonary Veins to the Right Auricle 
The veins from the apical and cardiac lobes of the light lung aie isolated 
and divided after ligation at their point of entry into the left auricle This 
involves sharp dissection in the plane between the ventral wall of the pul- 
monaiy veins and the adherent dorsal wall of the right auricle It is usually 
necessary to fiee the veins for a full centimeter medial to their point of 
attachment to the right auricle This allows one to work with a good length 
of common pulmonary vein Backflow is pi evented by bulldog clamps on 
the tributarj’’ veins from the two lobes 
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The pericardium is reflected from the light auricle and the spring clamp 
IS applied to the ventral and lateral aspect of the auricle, thus isolating a 
crescentic segment This portion of the auricle is seen externally as the 
point of junction between the two cavae, from which it differs little in gross 
appearance (Fig 2A) Histologically, however, it is seen to resemble 
auricular musculature, without the characteristic trabeculations An elliptical 
portion of the auricle is excised with scissors to give an opening comparable 
in size to the lumen of the superior pulmonary veins, usually 10 to 15 mm m 
diameter Into this auricular opening the superior pulmonary veins are im- 
planted by a running mattress suture which everts the intima and is inter- 
rupted at several points by everting mattress stay sutures (Fig 2B) On 
removal of the clamp there may be a temporary oozing of blood along the 
suture line, readily controlled by a short period of light pressure Addi- 
tional sutures are seldom required A few fine sutures close the pericardium 
over the anastomosis The branches of the pulmonary artery to the upper 
lobes are occluded during the performance of this anastomosis as well as in 
the procedure described below 

II Anastomosis of Pulmonary Veins to the Superior Vena Cava 

This procedure closely resembles the one just described, except that the 
veins are implanted into a defect formed by excision of the azygos vein at its 
point of entry into the superior vena cava It is usually necessary to free 
the pericardium from the vena cava and to expose the vessel thoroughly before 
application of the spring clamp With the clamp in place there need be no 
impairment of venous return to the right auricle by way of the superior vena 
cava (Fig 3A) The azygos vein and a circular segment of the wall of the 
vena cava are excised with scissors, giving an opening comparable in size to 
that of the pulmonary veins A circular anastomosis is earned out as previ- 
ously described, and the clamp is removed, allowing entry of oxygenated 
blood to the right auricle by way of the superior vena cava (Fig 3B) 

REsm/rs 

All of the operative procedures were well tolerated, except for one death 
due to anesthesia At varying periods after operation the patency of the 
anastomosis was investigated by angiocardiography or by direct catheteriza- 
tion of the right superior pulmonary veins through the jugular vein 

The animals were killed under anesthesia at intervals up to one hundred 
and one days In some instances the condition of the anastomosis was in- 
vestigated roentgenologically after injection of Hill’s mass, and in nearly all 
cases the autopsy included microscopic examination as well as gross study 

Pulmonaiy Veins Into Amide In ten instances the pulmonary veins 
from the upper lobes of the right lung were anastomosed into the right 
auricle by the technic described There were no operative deaths Physio- 
logic studies demonstrated the patency of the anastomosis in some cases, 
when patency could not be shown, autopsy usually confirmed the obliteration 
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Fig 3 — (A) Arrow indicates proposed anastomosis of the superior 
pulmonary veins to the defect left by excision of a segment of superior 
vena cava at the azygos opening 


(B) Completed anastomosis 
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of the btoma In some instances maiked constnction of the stoma lendeied 
catheterization impossible, even though an opening seveial millimeters in 
diametei i emained 

When difficulty had been encounteied m catheteiization of the pulmonaiy 
vein one commonly saw subendocardial hemoiihages m the auricle at autopsy 
This obseivation suggested that vigorous attempts at catheteiization might 



Fig 4 — Right auricle opened to show hyperplastic scar at the site of an unsuccessful 

anastomosis 


contiibute to closuie of the stoma by scan mg The site of an obliteiated 
anastomosis was geneially lepiesented by a h)pei plastic scai, quite readily 
detected during life by palpation with the iigid cannula passed thiough the 
jugulai vein The appeal ance of such a scai ma} be seen in the accompanv- 
ing photogia])h (Fig 4) 

In contiast to the appeal ante in Figuit 4 is the appeal ance of 
a successful lesult shown m Figure 5 One may see the smoothly healed, 
oval anastomosis as well as the openings of the pulmonaiy veins The niicio- 
scopic appeal ance of the junction of the thin-w ailed veins wnth the relatneh 
thick auiiculat muscle is seen 111 Figuie 6 
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Resultb weie evaluated b) giost, and miciobcopic examination of the opei- 
ative site fioin 26 to loi da}b aftei opeiation Foui of the lebults weie 
satisfactoiy, six weie unsatisfactoi y In thiee instances the anastomosis was 
widely patent, in one theie was some constiiction of the opening, m three 
the constiiction was quite pionounced, and Ihiee w’eie totally occluded 

Technical difficulties weie encounteied wdiile the proceduie w^as being 
developed, and it w^as in these eaily expeiiments that the unsatisfacta. y re- 
sults w^eie largely obtained It must be noted, however, that evei* m the 
final opeiation in this senes some constiiction of the anastomosis was found 
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Fig 5 — Excellent result 26 days after anastomosis of superior pulmonary veins to the 
right auricle The openings of the tributary veins are well demonstrated 


at autopsy This finding suggests that technical difficulties are inherent in 
the operation, and it seems likely that the thick aunculai wall, especially in 
its trabeculated area, is not w^ell suited to vasculai anastomosis 

PuUnonmy Vem<; io Stipes wi Vena Cava The jnilmonai) veins weie 
anastomosed to the supeiioi vena cava at the a/)gob opening m 15 animals 
There w'eie no deaths duiing the operative proceduie Tw'o animals died of 
infection, foui and eight days after operation These tw o anastomoses w^ere 
wndely jiatent at the time of death, but of coin se insufficient time had elapsed 
to evaluate the lesult 
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In the remaining 13 dogs there weie 10 excellent results, two with a 
patent but constricted anastomosis, and one in which the anastomosis was 
totally occluded 

In all three preparations showing poor results some technical mishap 
occurred during the performance of the anastomosis In one instance a 
suture placed to control a tear in the pulmonary vein had completely occluded 
the anastomosis 

The gross and microscopic picture in a case that healed well may be seen 
in the accompanying illustrations The site of anastomosis is viewed from 
the interior of the superior vena cava in a dog killed aftei 83 days (Fig 7) 


Rt auricle 



Healing is smooth with negligible scarring The photomicrograph shows the 
junction of the pulmonary vein and the superior vena cava and illustrates well 
the similarity in thickness of the vessel walls (Fig 8) Such similarity is 
in striking contrast to the dispaiity m thickness of the wall of the pulmonary 
vein and the right auricle (Fig 6) As previously noted, suture of this 
thick auricular muscle is frequently accompanied by scarring and obliteration 
of the anastomosis 


DISCUSSION 

The basic difficulty in complete transposition of the aoita and the pul- 
monary artery is the failure of oxygenated blood to reach the ventricle which 
empties into the aorta Survival of such patients is directly related to the 
degree of interchange between the two sides of the heart by way of per- 
sistent fetal passages Patients with a complete transposition and a patent 
foramen ovale have lived as long as ten years, and those with a large intei- 
ventricular defect as a compensatory shunt have lived up to 21 years A 
combination of these two compensator}' abnormalities allowed one patient 
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animal A\ith complete tian^position of the arterial trunks Since a complete 
transposition as such would be piomptly fatal, it is necessary to establish 
the corrective pulmonary venous shunt before producing the transposition 
Despite a number of efforts which are being continued, we have not yet 
succeeded in preparing an animal in which a complete transposition of the 
arterial trunks is corrected sufficiently by artificial shunts to permit life for 
more than a few minutes 

Despite the failure to reproduce complete tiansposition in the experimental 
animal and the consequent inability to test the therapeutic effect of the differ- 
ent shunting procedures, these expeiiments demonstrate that oxygenated 
blood ma) be tiansmitted to the light side of the heart by way of the trans- 
planted pulmonaiy veins The anastomoses to the superior vena cava re- 
mained patent up to thiee and a half months in more than three-fourths of 
the animals subjected to operation, technical difficulties at operation ac- 
counted foi partial or complete closure in the remaining animals 
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Fig 8 — ^Junction of pulmonary veins and vena cava 30 days after operation (io\) 


SUMMARY 

In complete transposition of the aorta and the pulmonary artery in man, 
the time of survival is dependent on the degree of mixing between the greater 
and the lesser cii dilations 

Such mixing may be effected by intei atrial 01 interventricular septal 
defects, by a patent ductus arteriosus, or by entiy of pulmonary veins into 
the transposed right side of the heart The literature on this point has been 
briefly reviewed 

The technical feasibility ol anastomosing the jmlmonaiv veins to the light 
auricle 01 to the supeiioi vena cava has been investigated m the dog 

Anastomosis of the pulmonary veins to the right auricle was usually un- 
satisfactory whereas an anastomosis of the pulmonary veins to the superior 
vena cava remained patent m over three-foui ths of the experiments 

Anastomosis of the pulmonaiy veins to the superior vena cava appears 
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feasible in man and oftcis one possible appioach to the surgical tieatment ul 
complete tiansposition of the gieat caidiac aiteiies 
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THE^SIGMOID AS A SOURCE OF RIGHT-SIDED SYMPTOMS* 
Albert S Lyons, M.D , F A C S 

New YottK, N Y 

* FROM THE SURGICAL SERVICES OF THE MOUNT SINAI HOSPITAL, NEW YORK, N Y 

Many surgeons have had the experience of operating upon a patient with 
symptoms resembling acute appendicitis, only to find a sigmoidal lesion 
responsible for the clinical signs Such experience, however, has been reported 
only as an incidental finding and the frequency of occurrence of left-sided 
lesions with right-sided symptoms has not generally been recognized The 
principal pathological conditions of the colon responsible for the confusion of 
signs are diverticulitis and carcinoma, especially with perforation 

That the right-sided syndrome is not infrequent is seen from an analysis 
of the many individual reports of cases and of the summaries dealing with 
diverticulitis and carcinoma For example, Allen^ reported seven cases of 
carcinoma of the colon to demonstrate the high mortality following perfor- 
ation Howevei, his descriptions indicate that of the five sigmoidal cases, 
three had the chief symptoms and signs on the right side of the abdomen, 
and m the fourth case the symptoms began on the right, though they later 
shifted to the left Examination of a review of divei ticuhtis by Arnheim^ dis- 
closes that of the 13 cases with peritonitis, three weie operated upon with the 
diagnosis of acute appendicitis and a fourth case, though known to have 
diverticulitis, had right-sided s3anptoms and signs Young and Young® sum- 
marized statistically 84 cases of diverticulitis of the colon Their report con- 
tains three chronic cases and nine acute cases with symptoms or signs on the 
right Some of the patients of Cave and Alsop'^ who had perforations of 
inflamed diverticula of the sigmoid were operated upon with a diagnosis of 
acute appendicitis, and a right McBurney incision was used in some instances 
In the series reported by Morton,® pain was present m the right lower quadrant 
m five instances and tenderness was found occasionally on the right m cases 
with perforation Rankin and Grimes® have stated that it is common for 
acute perforative diverticulitis to present atypical symptoms of acute appen- 
dicitis and that the surgeon will often use a right McBurney or right rectus 
incision Jones'^' described a particularly striking case with acute symptoms 
resembling appendicitis and a palpable mass on the right side of the abdomen 
which was drained as an appendiceal abscess but was later found to have been 
the result of a perforated sigmoidal diverticulum Yet other monographs on 
diverticulitis,®’ and on surgery of the colon,^®’ as well as the standard 

textbooks^^’ and numerous papers^’^’ on diverticulitis and car- 

cinoma of the colon, fail to mention the relative frequency of this crossed symp- 
tomatology Even Rankin, Bargen, and Buie,®® while stating that they have 
observed four cases of diverticulitis m which pain was referred to the right 
side, further observe that “this is extremely unusual ” 
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The leabons for the lefeiial of pain to the opposite side of the abdomen 
become cleai when one lealizes that the sigmoid and rectosigmoid aie not 
always left sided m anatomical position Roentgenogiams of the colon fre- 
quently show' a lectosigmoid and lower sigmoid to the light of the nndlme 
Lynch'^^ suggested that mobility of the low'ei sigmoid could account for right- 
sided symptoms lesembling appendicitis in cases w'lth diverticulitis Similarly, 
Giaham-'^ stated, “Because of the mobility of the sigmoid, it may be in eithei 
light or left iliac fossa ” Moiton*^ lecently mentioned the fact that at opeiation 
the sigmoid may be found lying tow'aid the right Laufman^^ and Jones’” 
noted that the sigmoid is veiy frequently in the midline oi on the right side 
Moreover, extensive cadavei dissections by Ssoson-Jaroschewitsch“° showed 
that approximately 1 1 pei cent of sigmoids have a com se w'hich is chiefly on 
the right side of the abdomen 

An additional factor, either in association w'lth othei causes oi acting inde- 
pendently, may be distention of the cecum. Either organic stenosis or colonic 
spasm alone can produce intestinal obstiuction Colp^'’ review'ed all the pre- 
Mous reports and desciibed five additional instances of colonic obstruction 
pioduced by spasm Moi cover, m the piesence of diverticulitis and sometimes 
of carcinoma, spasm of the sigmoid w’lthout actual obstruction is frequently 
so marked that the back pressure cieated in the colon may be focussed chiefly 
in the cecum Kantor^^ called attention in this country to the occurrence of 
ulcerations in the cecum due to marked colonic distention, and he further indi- 
cated"® that pain in the cecal legion could be produced by lesions causing spasm 
m the distal pait of the colon Although the symptomatology of the cases 
herein presented w'as not produced exclusively by cecal distention, tins mech- 
anism may have been a contiibuting factoi in some instances 

In the present study i8 cases are leported w'lth lesions in the sigmoid and 
rectosigmoid which caused right-sided symptoms and signs In 14 the refer- 
ence of pain and tendeiness to the right was marked enough to prompt oper- 
ative intervention through incisions placed on the right side of the abdomen 
These cases aie used to illustiate the piobable causes of the right-sided 
symptoms i Sigmoid lying over on the right of the midlme , 2 Perforation 
of the right wall of the rectosigmoid with spillage of fluid toward the right, 
3 Pensigmoidal abscess extending to the right, 4 Adherence of right-sided 
structures to the sigmoidal lesion , 5 Situs inversus 

SIGMOID LYING ON THE RIGHT 

Case 1 (Admission No 480580) J F, a 58-year-old man, was admitted to The 
Mount Sinai Hospital on October 18, 1941, with a history of lower abdominal pain for 
one day, shifting shortly after onset to the right lower quadrant 

On physical examination, temperature was loi There was tenderness in both lower 
quadrants of the abdomen, most marked on the right, with rebound tenderness on the right 
The preoperative diagnosis was acute appendicitis 

Operation was performed on October 18, 1941, through a right McBurney incision 
A loop of redundant sigmoid lay on the right side of the abdomen The wall was markedly 
reddened and swollen over an area about one-half inch in diameter at the attachment of 
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the mesentery, which was also edenntous FI ikes of fibrin eorered this localized, red- 
dened area \ small amount of free, cloudy, peritoneal fluid was present The appendix 
was normal lire sigmoid area was drained 

The final diagnosis was acute diverticulitis 

Case 2 (Admission No 526864) M K , a 52-year-old man, was admitted to The 
Mount Smai Hospital on November i, 1944 In the past he had had intermittent attacks 
of right lower quadrant pain Two days before admission he had severe low’er abdominal 
pain, associated wuth nausea and fever 

Physical examination show'ed a temperature of 100 Thete was marked tenderness 
and spasm m the right low'er quadrant, especially over McBurney’s point 
The preoperative diagnosis was acute appendicitis 

Operation on November i, 1944 was performed through a right McBurney incision 
The appendix, w’hich pointed medially, seemed mildly inflamed by contiguitv with a 
markedly inflamed sigmoid which lay near the appendix The appendix w’as removed 
Pathological report showed it to be normal 
The final diagnosis was acute diverticulitis 

Case 3 (Admission No 446923) G H, a 56-year-old man, had chronic constipation 
for many years Six days before admission the constipation became more marked Six 
hours before admission he had severe low'er abdominal pain, most marked on the right 
He was admitted to The Mount Smai Hospital on October 7, 1939 

On physical examination, the temperature was 99 6 There was diffuse abdominal 
tenderness, most marked in the right lower quadrant w’here there was marked spasticity 
The preoperative diagnosis was acute appendicitis 

Operation on October 7, 1939 w'as performed through a right low'er Kammerer 
incision The sigmoid was found drawn over to the right The incision was closed and 
a left-sided incision made Free feces was then found extruded from a "laceration” of 
the sigmoid There was diffuse peritonitis The perforation was closed by suture and 
the sigmoid area drained 

The final diagnosis was perforated diverticulitis w’lth peritonitis 

Case 4 (Admission No 503664) F O, a 57-yeai-old man, was admitted to The 
Mount Smai Hospital on May 31, 1928 w’lth a 48-hour history of severe abdominal 
pain localizing in the light low'cr quadiant He had had a preceding attack of pain 
which was thought at the time to be due to appendicitis 

On physical examination there was marked tenderness in the right lower quadrant 
“Typical signs of peritonitis involving the lower half of the abdomen” were present 
The preoperative diagnosis w'as acute appendicitis 

Operation on June i, 1928, was performed through a right rectus muscle splitting 
incision There was a small amount of free peritoneal fluid The sigmoid was over on 
the right side It was thickened and “inflamed ” The epiploicae were many times normal 
in size The area about the sigmoid was drained A normal appendix was removed 
The final diagnosis was acute diverticulitis 

COMMENT ON CASES 1 , 2 , 3 , 4 

In the four cases described above, the acutely inflamed sigmoid -was found 
on the right side of the abdomen and was cleaily lesponsible foi symptoms and 
signs resembling acute appendicitis, liy ])inducmg nutation of the parietal 
peritoneum m the 1 igbt iliac fossa 

Case S (Admission No 440483) A N, a 71-year-old woman, was admitted to 
The Mount Smai Hospital on Mav 16, 1939 with a one-day history of gradually increas- 
ing generalized abdominal cramps, associated with nausea Her maximum pain was in 
the suprapubic region She had a chill and temperature rise to 104 
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On physical e\aniination, temperature was loi The abdomen was markedly dis- 
tended Theic was gencrahred tenderness, rebound, and spasm, all of which were most 
marked suprapubically and m the light lowei quadrant On lectovagmal examination, 
most tenderness was on the light 

The preoperatne diagnosis was appendicitis with peritonitis 

Operation on May i6, 1939 was performed through a right lower rectus muscle- 
sphtting incision Thick, non-odorous pus was found coming from the pelvis The appen- 
dix was seen to be normal The sigmoid was easily delivered and found to be acutely 
inflamed and swollen The epiploicae were thick and reddened No perforation was seen 
Appendectomy was pcrfoi med The sigmoid region was drained '1 he jiathological report 
was acute peri-appendicitis The culture of pus showed B cob 

The final diagnosis was acute perfoiatne sigmoiditis 

COMMENT ON CASE 5 

The signs in the niidhne and on the light side lesentbled those of pelvic 
appendicitis Tlie causative mechanism of the right-sided signs is not definitely 
known here, but from the opeiative description the easy delivery of the 
sigmoid through a right-sided incision suggests a position of the sigmoid to 
the light of the midline The paiticipation of the cecum in the general disten- 
tion may have contiibuted to the iight-sided signs 

PERFORATION WITH SPILLAGE OF FLUID TOWARD THE RIGHT 

Case 6 (Admission No 502490) M F , a 57-year-old man, was admitted on March 
6, 1943 For tw'o weeks the patient had had mild lowei abdominal cramps, more severe 
in the 24 hours befoie admission Low grade fever was present for one day Because no 
urine had been passed for 24 hours, catheterization was pei formed, with the evacuation 
of 100 cc of bloody urine 

On physical examination the temperature was 10 1 6 The patient appeared very ill 
There was distention and spasticity in the lower abdomen, slight bilateial tenderness, 
and distinct right costovertebial tenderness 

He was first admitted to the Urological Service Cystoscopy and intravenous pyelo- 
gram on admission however were essentially normal The abdominal signs became more 
localized on the right side where definite rigidity developed 

The diagnosis was altered to peritonitis due to ruptured appendix or cecal neoplasm 

Operation on March 7, 1946 was performed through a right lower rectus muscle- 
splitting incision A great deal of cloudy fluid escaped from the peritoneal cavity The 
cecum and appendix were normal The gallbladder and stomach were normal on palpa- 
tion The small intestinal loops were packed away in order to visualize the sigmoid A 
firm mass was seen and felt in the sigmoid on the right wall of which was a free per- 
foration about 2 millimeters in diameter The sigmoid was then exteriorized through a 
small left-sided incision and later excised 

The pathologic diagnosis was adenocarcinoma of the sigmoid with perforation 

Case 7 (Admission No 375348) B. S , a 28-year-old man, was admitted on Jan- 
uary 5, 1935 Seven months before admission the patient had sharp right lower quadrant 
pain lasting a few hours Six weeks before admission he had dull pain in the right lower 
quadrant associated with vomiting and diarrhea There was one shaking chill Pain sub- 
sided after three days 

Fourteen hours before admission the patient was seized with periumbilical pain 
radiating to the right lower quadrant and to both testes, associated with nausea He 
vomited once He had one marked shaking chill One soft stool was passed shortly after 
the onet of pain 
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On physical examination the temperature was 103 4 There was tenderness, rigidity, 
and rebound tenderness in both the right and left lower quadrants On rectal examina- 
tion there was a bulge felt anteriorly above the prostate There was marked tenderness 
on the right and less tenderness on the left 

The preoperative diagnosis was acute appendicitis with perforation 

Operation on January 5, 1935 was performed through a right lower rectus muscle- 
splitting incision On opening the peritoneal cavity a thin, gi eemsh-yellow fluid exuded 
(Smear showed gram positive cocci ) The appendix was normal Pus was then seen 
oozing from the pelvis The loops of small intestine were packed away to expose the 
sigmoid Close to the mesenteric border was a necrotic looking area, about i 5 cms in 
diameter, with a tiny hole in its center The perforated area was sutured and drained 

The final diagnosis was inflammatory perforation of the sigmoid, probably due to 
diverticulitis 

Case 8 (Admission No 394043) H L , a 5-year-oId boy, was admitted on June 3, 
1936 He had a rectal polypectomy performed by suture and excision A few bloody 
stools followed Five days later he was seized with severe abdominal pain and a strong 
urge to defecate He vomited once 

On physical examination, five hours after onset of symptoms, the patient had gen- 
eralized abdominal tenderness and rigidity, definitely most marked in the right lower 
quadrant Liver dullness was obliterated (Roentgen examination of the abdomen showed 
air under both leaves of the diaphragm ) On rectal examination a small nubbin could be 
felt ij 4 inches above the anus at the site of the polyp excision 

The preoperative diagnosis was ruptured viscus (possibly related to the rectal oper- 
ation) or acute appendicitis with perforation 

Operation on June 3, 1936 was performed through a right paraumbilical muscle- 
splitting incision When the peritoneum was opened, gas and odorless purulent fluid 
escaped The cecum was delivered to expose a long, apparently acutely inflamed appen- 
dix, which was removed Purulent fluid, however, kept coming from the rest of the 
peritoneal cavity The stomach and gallbladder were palpated but no lesion was discov- 
ered The sigmoid was then exposed A firm, indurated mass was found about 6 centi- 
meters above the level of the peritoneal reflection Exudate overlay a perforation about 
one-half centimeter in diameter The hole was closed and the area drained The patho- 
logical report was periappendicitis 

The operator stated that he thought the perforation was too high in the sigmoid 
to be due to the polyp excision in the rectum 

COMMENT ON CASES 6, 7, AND 8 

In these three cases the right-sided signs were appaiently chiefly due to 
perforation on the right wall of the sigmoid with spillage of fluid toward the 
right The absence of surrounding omentum may have more easily allowed 
this tracking of fluid 

In Case No 8, the slightly reddened appendix was merely part of the 
contiguous inflammation as is seen by the pathological report Further explor- 
ation before removal of the appendix would have been better, for the degree 
of inflammation in the appendiceal wall was clearly not sufificient to account for 
the clinical findings or the free pus in the peritoneal cavity 

Case 9 . (Admission No 420291) P F, a 32-year-old woman, was admitted on 
February 15, 1938, because of sudden, severe, generalized abdominal pain beginning sev- 
eral hours before admission, followed by nausea and vomiting The temperature rose 
abruptly to 103 8 
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On physical evamination the abdomen was distended There was general abdominal 
tenderness, most marked in the right lower quadiant, where spasm was also present 

Operation was perfoimed shortly aftei admission A low midline incision was used 
A large amount of free pus escaped from the peritoneal cavity The sigmoid was found 
to be the site of a surrounding purulent infection The appendix was removed The 
pelvis was drained 

The lesion was finally discoveied at autopsy to be due to an adenocarcinoma of the 
sigmoid with perforation into the cul de sac 

COMMENT ON CASE 9 

Although most of the abdominal signs weie cleaily on the right, the sudden 
onset and rapid progression of generalized abdominal symptoms apparently 
suggested the possibility of a peiforated left-sided lesion, for a inidlme incision 
was used Cecal distention of course may well have contributed to the tender- 
ness in the right lower quadiant 

Case 10 (Admission No 465843) M F, a 68-year-oId woman, was admitted on 
November 27, 1940 She had had a sense of fulness m the lower abdomen for one day 
A few hours later she was awakened from sleep by sharp, generalized abdominal pain 
Her family physician found marked tenderness and spasticity limited to the entire right 
side of the abdomen The pain persisted for several hours, was associated with nausea 
and vomiting, and finally seemed to localize in the right lower quadrant 

On physical examination the temperature was loi. Tenderness was found to be 
most marked in the left lower quadrant, although shortly before admission the signs 
were all right sided Most of the tenderness on pelvic examination was on the right 

Operation on November 28, 1940 was performed through a right lower rectus 
muscle-splitting incision No free fluid was found The appendix was normal A mass 
was found in the left lower abdomen involving the lower sigmoid and "adherent to all 
the surrounding structures ” The mass had perforated into the general abdominal 
cavity The sigmoidal area was drained 

Autopsy showed multiple diverticula with perforations, and a pencolonic abscess 
perforating into the posterior cul de sac There was also a hemorrhagic pulmonary 
infarct 

COMMENT ON CASE NO. 10 

Unmistakable right-sided symptoms and signs were present before admis- 
sion to the hospital After admission, the abdominal signs weie chiefly left- 
sided and the pelvic findings right-sided Though perforated diverticulitis was 
considered, the most likely diagnosis was appendicitis, for a right-sided 
incision was used This case is classified as probably due to spillage of fluid 
toward the right, but adherence of small bowel to the sigmoid area may have 
been a cause of the referral of pain to the right 

Case 11 (Admission No 512894) A A, a 42-year-old man, was admitted on 
July 27, 1943 Sixteen hours before admission the patient developed lower abdominal 
crampy pain He took a teaspoonful of Epsom salts One hour later he began to have 
small bowel movements Pam increased m severity and he vomited Pain was predomi- 
nantly m the midline, but also m both lower quadrants He had a shaking chill 

On physical examination the temperature was 100 6 The abdomen was markedly 
distended There was marked tenderness and spasm of the entire lower abdomen On 
rectal examination, tenderness was limited to the right side 
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The preoperative diagnosis was peiforated appendicitis 

Operation on July 27, 1943 was performed through a right Kammerer incision 
Ihin cloudy fluid escaped from the peiitoneal cavity The cecum and appendix were 
normal A mass was palpated and seen in the mid-sigmoid containing a perforation 
oozing fecal fluid There was very little peritoneal reaction The sigmoid was exteriorized 
through a left-sided incision and the involved area ablated The pathologic report revealed 
a perforated diverticulitis 


COIMMENT ON CASE NO 11 

The abdominal symptoms and signs were in the midline and m both lottei 
quad 1 ants, though lectal tenderness was on the light The paucity of local 
reaction to the perforation, allowing the tiacking of fluid thioughout the peii- 
toneal cavity, may have accounted for equal distiibution of abdominal signs 
between right and left sides Although the iight-sided signs weie not pre- 
dominant (except foi lectal findings) this case is included because to all 
observers the clinical picture simulated peifoiated appendicitis 

PERISIGMOIDAL ABSCESS WITH EXTENSION TO THE RIGHT 

Case 12 (Admission No 509520) Y K, a 42-year-old woman, had had enorexia, 
cramps and diarrhea for three months, with pain in both lower quadrants Five weeks 
before admission she was operated upon at another hospital through a right rectus 
incision and an abscess in the right iliac fossa was drained The appendix, normal on 
pathological examination, was removed Two weeks later the patient was admitted to 
The Mount Sinai Hospital after having a sudden chill, followed a few hours later by 
pain in the right lower quadrant 

On physical examination the temperature was 1036 Theie was distinct tenderness 
in the right lower quadrant A large, ill defined mass was palpable in the region of the 
right rectus incision scar On pelvic and lectal examinations, tenderness was present on 
both sides 

Under obseivation the symptoms and signs piogiessed The preoperative impression 
was that the right lower quadrant abscess had probablv originally been due to a terminal 
ileitis with perforation 

Operation was performed through an incision lateral and parallel to the previous 
right rectus scar A large omental mass extending towards the left side was found in 
the right iliac fossa This area was drained though no pus was encountered On the fifth 
postoperative day there was spontaneous discharge of copious foul-smelling pus from 
the drainage tract The lesion was water found at another operation to be a rectosig- 
moidal carcinoma with pensigmoidal abscess 

Case 13 (Admission No 418912) E G, a S5-year-old woman, was admitted on 
January ii, 1938 For one year she had occasional blood streaked stools and a gradual 
loss in weight Two weeks before admission the patient had a shaking chill followed by 
pain in the right lower quadrant which became constant 

On physical examination the abdomen was soft but distended There was deep tender- 
ness above Poupart’s ligament on the right with some muscular spasm A fulness could 
be felt in the right lower quadrant though no distinct mass was palpable Rectal and 
pelvic examinations disclosed a tender mass to the right of the cervix 

The admission diagnosis was appendiceal abscess The possibility of a pensigmoidal 
abscess due to a perforating carcinoma was considered, but the symptoms and signs 
were so clearly on the right that a right-sided incision was made for exploration 

Operation on January 14, 1938 was performed through a low right rectus muscle- 
splitting incision There was thin, free peritoneal fluid An abscess was found m the 
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pelvis behind the uterus, extending up toward the cecum After suitable walling off with 
pads, the abscess was drained 

At autopsy the rectosigmoid contained a carcinoma which had perforated into an 
abscess cavity lying behind the right tube and ovary 

Case 14 (Admission No 418348) R S , a 48-year-old woman, was admitted on 
December 29, 1937 with a five-week history of persistent lower abdominal cramps, 
marked constipation except for one episode of diarrhea, anorexia, loss of weight and 
fever Barium enema at another hospital two weeks before admission was said to 
show no abnormalities 

On physical examination the temperature was 104 The abdomen was distended and 
slightly tender, chieflj in the right lower quadrant, where a sausage-shaped mass was 
palpable On peh ic examination a firm, spherical, fixed mass was felt in the cul de sac 
The pelvic mass seemed to be continuous with the abdominal mass 

The possible diagnoses considered included perforation of the small bowel, carcinoma 
of the sigmoid, and finally uterine fibroids with degeneration 

Operation on Januar^ i, 1938 was performed through a left lower rectus incision A 
huge mass was found filling the pelvis and extending up as far as the umbilicus Across 
the front of the mass coursed the sigmoid The mass was entered on the right side with 
evacuation of pus It was then seen that the perforation of a sigmoidal tumor was the 
cause of the abscess 

The final diagnosis was carcinoma of the sigmoid with pensigmoidal abscess 

COiDvIENT ON CASES NOS. 12 , 13 , AND 14 

Right-Sided S3TOptoms and signs in these thiee cases weie caused by 
extension to the light of an abscess arising in the pelvis around the sigmoid 
and rectosigmoid 

In Case No 12 the bulk of the abscess piesented itself in the light iliac 
fossa In Case No 13, the diagnosis of pensigmoidal abscess due to carcinoma 
was considered but the virtual limitation of symptoms and signs to the right 
side of the abdomen prompted opeiation thiough a right lectus incision In 
Case No 14, although the abdominal signs were mainly on the light and the 
mass was felt to the right of the umbilicus, a left-sided incision was used 
because a degenerated uterine fibroid was thought to be the cause However, 
at operation the sigmoid was found extending toward the right and the most 
accessible part of the abscess was also to the right of the midline 

Case 15 (Admission No 513892) I K, a 41-year-old woman, was admitted on 
December 4, 1943 One month before admission the patient was seized with sudden, 
severe, right lower quadrant pain requiring a hypodermic injection The pain subsided 
but then recurred intermittently It was always located m the right lower abdomen 
The day before admission the pain increased in seventy and was associated with nausea 
and vomiting 

On physical examination the temperature was loi 8 There was direct and rebound 
tenderness in the right lower abdomen A midlme mass was palpable above the pubis 
On pelvic examination a firm, very tender mass, the size of a grapefruit, was felt over- 
lying the uterus and filling the right adnexal region 

The preoperative diagnosis was right ovarian neoplasm with torsion 
Operation on December 4, 1943 was performed through a midline incision On sepa- 
rating the omentum, which was adherent to the pelvic structures, an abscess cavity was 
entered to the right of the uterus, yielding fecal smelling pus The sigmoid loop lay 
across the midline and was adherent to the uterus The actual point of perforation was 
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not seen, but one wall of the abscess cavity was composed of an indurated area in the 
sigmoid The sigmoid was exteriorized and its limbs were approximated to form a spur 

The final diagnosis was pensigmoidal abscess 

COMMENT ON CASE NO 15 

The symptoms and signs were apparently due both to the course of the 
sigmoid across the midline and to the location of the abscess to the right of 
the uterus 

Case 16 (Admission No S13S39) M B , a 6 s-year-old woman, was admitted on 
December 2, 1943 After being previously well, the patient had sudden right lower 
quadrant pain associated with nausea and vomiting one day before admission The symp- 
toms gradually increased m seventj”^ 

On physical examination the abdomen was distended Marked tenderness and spasm 
were present m the right lower quadrant There was also slight tenderness in the left 
lower quadrant 

The preoperative diagnosis was acute appendicitis with possible perforation 

Operation on December 2, 1943 was performed through a right lower rectus 
muscle-splitting incision There was a small amount of free peritoneal fluid The 
appendix was normal The sigmoid was exposed An area of induration was found in 
the sigmoid with a surrounding abscess which was drained 

The final diagnosis was pensigmoidal abscess due to perforated diverticulitis 

COMMENT ON CASE NO 16 

Typical symptoms and signs of acute appendicitis were caused by a peri- 
sigmoidal abscess, but the mechanism of the crossed symptomatology m this 
case IS not clear from the operative description Here, too, cecal distention 
may well have been partially responsible for the symptoms and signs on 
the right 

a 

ADHERENCE OF RIGHT SIDED STRUCTURES TO THE SIGMOID 

Case 17 (Admission No 415178) F C, a 39-year-old man, was admitted on 
October 9, 1937 For eight days before admission the patient had lower abdominal 
cramping pain There was mild nausea and one episode of vomiting His physician 
diagnosed “subsiding appendicitis ” On the night before admission, following an enema, 
the lower abdominal cramps became more severe and finally shifted to the right lower 
quadrant 

On phjsical examination the temperature was 1028 Tenderness and rigidity were 
found in both lower quadrants, most marked on the right There was a firm, tender mass 
filling most of the right lower abdomen and extending into the left lower quadrant On 
rectal examination, tenderness was felt on the right 

The preoperative diagnosis was appendiceal abscess 

Operation on November 6, 1937 was performed through a right lower rectus 
muscle-splitting incision The appendix was found lying free, “moderately injected,” 
with an apparently blunted tip Appendectomy was performed Further exploration, 
however, revealed an abscess in the left iliac fossa, surrounded by omentum and loops 
of small intestine The cavity was entered and drained Later roentgen studies of the 
sigmoid showed diverticulitis 

COMMENT ON CASE NO. 17 

Although the sigmoid and the pensigmoidal abscess were located in the left 
iliac fossa, the symptoms and presenting mass on clinical examination were 
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on the right The symptoms may have been due to the adherence of the small 
bowel loops to the peiisigmoidal abscess The mass palpated on the right side 
was apparently matted small intestinal loops forming and covering the 
abscess wall It is of interest to note that right-sided symptoms again were 
the presenting complaints one and a half years after recovery from the 
first attack 

The following case was pieviously described by Ainheim^ in his study of 
diveiticulitis, but is heie presented as another instance of right-sided symp- 
toms pioduced by adheience of right-sided structures to a sigmoid lesion 

Case 17 A (Admission No 345651) P K, a 57-year-old man, was admitted on 
November 14, 1932 with the history of right lower quadrant pain and constipation for 
four months, loss of weight for two months, and a chill two weeks before admission 
On physical examination the temperature was 98 6 degrees Tenderness was present 
m the right upper abdomen Barium enema studies, however, revealed many diverticula 
of the sigmoid with spasm 

Operation was performed through a left-sided incision The sigmoid was short and 
fixed, and contained several diverticula An abscess posterior to the sigmoid was 
entered and 2 ounces of thick, creamy, odorless pus was evacuated 

At autopsy there was an inflammatory mass involving the sigmoid, omentum, and a 
loop of ileum At the site of attachment of the ileum to the sigmoid there was an 
ileosigmoidal fistula 


SITUS INVERSUS 

Case 18 (Admission No 527537) F K, a 63-year-old woman, was admitted on 
November 18, 1944 In the three years before admission the patient had attacks of 
right lower quadrant pain associated with the urge to defecate, relieved by passage o£ 
gas She had lost 1 5 pounds in the past year Four days before admission a particularly 
severe attack of right lower quadrant pain occurred, associated with left flank pain and 
nausea A mild chill occuired 

On physical examination the temperature was 100 4 The abdomen was soft In 
the right lower abdomen extending out to the right flank was an ill defined, soft, tender 
mass which did not move on respiration There was no tenderness on pelvic and 
rectal examinations 

The preoperative diagnosis was appendiceal abscess The possibility of a cecal neo- 
plasm or cecal diverticulitis was considered 

Operation on November 20, 1944 was performed through a right lower rectus inci- 
sion On opening the peritoneum, the sigmoid presented itself m the wound A mass was 
present in the right wall of the sigmoid which seemed to be bound to the right lateral 
peritoneum The area around the mass was drained and the wound closed, leaving the 
subcutaneous tissues packed open 

Barium enema disclosed a situs inversus of the intestinal tract, and showed diver- 
ticula with spasm in the sigmoid colon 


COaiMENT ON CASE NO 18 

The sigmoid is a ngbt-sided oigan m situs inversus and therefore would be 
expected to produce symptoms on the same side This case is included merely 
for completeness to illustrate one of the possible mechanisms of the production 
of right-sided symptoms by a sigmoid lesion 
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SUMMARY AND CONCLUSIONS 

1 Right-Sided abdominal symptoms and signs are often produced by sig- 
moidal lesions Acute appendicitis is the commonest preoperative diagnosis 
in these instances 

2 The principal causes for the right-sided symptomatology in acute 
diverticulitis and carcinoma of the sigmoid are 

a Sigmoid lies on the right side of the abdomen as a result of its mobility 
or the anatomical variations in its course , 
b Perforation of the right wall of the sigmoid with spillage of exudate 
into the right iliac fossa, 

c Extension of a perisigmoidal abscess to the light, 
d Adherence of right-sided structures to the sigmoidal lesion , 
e Marked distention of the cecum, 
f Situs inveisus 

Eighteen cases are lepoited m illiistiation (5 with carcinoma and 13 with 
di\ erticulitis) 

3 Inspection of the sigmoid should be included in the exploration of the 
abdomen before removal of the appendix, when at operation insufficient cause 
for the clinical findings is discovered in the right iliac fossa 

The cases in this paper are from the Surgical Services of Drs John H Garlock, 
Ralph Colp, and Harold Neuhof, and include three private cases from the services of 
Drs Albert A Berg, Leon Ginzburg, and Myron Salhck 
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NEW DONOR AREAS IN SKIN GRAFTING 

Donald Earl Barker, M D 

Philadelphia, Pa 

With the introduction of the dermatome m 1939,^ the taking of 
calibrated skin grafts became fairly simple However, it soon became apparent 
that this was limited in its scope by the irregularities in the surface of the 
prospective donor areas Adequate grafts could be taken from the thighs, 
abdomen and back in a thin individual, and in addition from the chest in an 
obese individual Many cases, however, are seen in which the above, donor 
areas have been destroyed by burn The only areas of normal skin remaining 
are on the chest, upper back, and scapula where by the time the individual is 
leady foi giafting, the surface is too irregular to take a giaft because of the 



Fig I — Cliest showing prominent ribs 

wasting of the subcutaneous tissue and the protuberance of the underlying 
bone The taking of Thiersch grafts with the Ferris- Smith knife is usually 
limited to the thighs 01 the upper arms 

Grafts can be taken from piactically all iiregulai areas by injecting saline 
beneath the skin, with obliteiation of the depressions A search of the liter- 
ature failed to reveal any article in which this had been described This 
method may possibly have been used elsewhere unknown to the present 
author, however it has apparently not been published in medical literature 
so that the other surgeons might utilize it 

technic 

An area of normal skin slightly larger than the dermatome is marked out 
with methylene blue Using a 30 cc syringe and a long needle, normal saline 
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SKIN GRAFTING 


Fig 2 



* \ 


Fig 3 

Fig 2 — Smooth contour after subcutaneous saline 
Fig 3 — Graft taken from area 
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solution IS injected beneath the skin m the area outlined by the methylene 
blue Care should be taken that the needle is not put through the skin at any 
point in the rectangular area outlined by the ink In the first case in which 
this was used the needle entered the noimal skin area where the graft was to 
be taken, and the saline leaked out onto the donor skin before the skin cement 
was applied After all of the iriegular areas have been obliterated the area is 
cleansed well with ether and the Padgett cement is applied After the cement 
has dried thoroughly for five minutes the graft is taken m the usual manner 
The first case upon which this was used was an emaciated male, age 22, 
burned in an airplane crash The only normal skin available was over the 
sternum and the scapula Grafts were taken from both of these areas in this 
patient In another patient, although some other donoi areas were available 
it was felt that the work could be completed fastei by using sheets of skin 
larger than those available with the Padgett dermatome The dermatome used 
here was a special one taking a giaft 6 by 10 inches, or neaily twice the area 
of skin taken with the Padgett machine The use of this type of dermatome 
IS usually limited to circulai giafts of the thigh, 01 the occasional graft from 
the chest m an obese individual Figure l shows a pieoperative view of the 
donor area, showing marked 11 regularity of the chest This patient had an 
estimated 40 per cent bum on admission Figure 2 is a close-up of the area 
demonstrating the marked smoothness of the donor skin that can be obtained 
with subcutaneous saline Figuie 3 shows a graft of 60 square inches taken 
from the chest This method can also be used for taking fi ee hand grafts An 
iriegular chest, scapulai, or hack area can be used after subcutaneous injec- 
tion of saline 


SUMMARY 

A method is piesented wheieby iriegulai skin aieas may be utilized as 
donor areas using the dermatome, 01 by cutting the giaft free hand This is 
accomplished by inj ection of normal saline beneath the pi ospective donor area 
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GASTRODUODENAL ULCER, A SPASTIC DISEASE 

I. Boerema, M.D. 

Piofessor of Surgeiy, University of Amsterdam, Holland 

Although hundieds of gastiectomies aie peifoimed daily theie is still no 
unanimity of opinion as to the imdeil)mg cause of ulceis of the stomach and 
duodenum Clinical, pathologic and expeiimental investigations have failed to 
solve the problem completely The Geiman occupation of liolland, 1940-1945, 
during which the entiie population of nine million people ueie medically, 
de facto expeiimental subjects,* fuinished a gieat deal of mateiial which may 
throv some light on the theoiy of tilcei foimation 

Both psychical and ahinentaiy distuibances duiing the occupation may 
have aftected the gasti ointestmal tiact In Holland, as 111 the United States, 
an inci eased numbei of ulceis occurred immediately after the outbieak of 
war This eaily rise may be attiibuted to psjchic factors such as feai, sonow, 
and rage, since at that time there was no appieciable change in food supplies 
Shortly thereafter impoitant changes m diet of the Dutch people occuired, 
and this w'as accompanied by a gieat mciease in incidence of gasti oduodenal 
ulcers For many yeais the dail}’- intake consisted of a total of about 1600 
calories, wnth a relative diminution m consumption of piotem and of fat, and 
an increase in carboh}diates Potatoes, a food high in cellulose, were eaten m 
much larger quantities than noimal These changes pioduced an inci eased 
peristalsis throughout the gasti ointestmal tract of neail} the w'hole population 
Many persons even sufieied from non-bactenal diaiihea throughout the 
entire peiiod of the occupation 

The incidence of other diseases was also changed dining the occupation 
Some increase in the number of operations for gallstones was noted 
Lack of fat probably kept this increase small, foi immediately folio wung 
the liberation, wFen the fat supply improved, we saw^ innumeiable gall- 
bladder cases Volvulus, especially of the sigmoid, strangulated herniae and 
anal fissures w^ere observed in gieatei numbei s, while there w^as a diminution 
in the incidence of acute appendicitis (Table I) *1 Volvulus and anal fissure 
aie conditions knowm to be associated wuth either inci eased peristalsis 01 
spasticity of par t of the intestinal tract Spasticity of the sphmctei of the anus 
can be directly observed m cases of anal fissuie Increased peristalsis, pre- 
venting stagnation of secretions in the appendix, may also explain the decrease 
in appendicitis 

* The observations of this huge experiment vere collected and studied by a team 
of 21 investigators, most of them connected wnth Dutch Universities, and described in 
Medical Experiences during the Occupation of The Netherlands 1940-1945 ” 

t Figures in this paper do not include the years 1944 and tlie first half of 1945 
During this time tlie city populations ivere so changed because of inundations, displace- 
ments and bombardments that a quantitative comparison with normal times is impossible 
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These observations lead to the conclusion that there was an increase in 
peristalsis and a tendency to spasm in the intestinal tract of many Dutch 
people during the occupation It seemed probable that similar conditions 
might also exist in the stomach and duodenum Table II gives the statistics 
on ulcer cases operated upon during this period It is our theory that the 
increase in the number of ulcers may be a direct result of the spastic condition 
assumed to exist also in the upper intestinal tract 


Table I — Incidence of Volvulus, Anal Fissure and Appendicitis 


1938 

1939 

1940 

1941 

1942 

1943 

1944 

Operated cases of volvulus, large and small intestine 
(All clinics in Groningen) 

Cases of anal fissure (Surgical clinic Groningen) 

1 

4 

5 

6 

15 

11 


Men 

2 

5 

3 

9 

6 

8 

13 

Women 

2 

5 

0 

8 

6 

11 

9 

Total 

4 

10 

3 

17 

12 

19 

22 

Cases operated appendicitis (all hospitals in Groningen) 








Men 

481 

468 

345 

346 

343 

318 


Women 

464 

494 

375 

398 

400 

379 


Total 

945 

962 

720 

744 

743 

697 



Table II — Increase tn Frequency of Gastroduodenal Ulcer 



1938 

1939 

1940 

1941 

1942 

1943 

operated cases non perforated gastric and duodenal ulcers 
(All hospitals, Groningen) 

Men 

81 

96 

86 

144 

158 

260 

Women 

10 

21 

22 

28 

21 

25 


— 

— 

— 



_ 

— 

Total 

91 

117 

108 

172 

179 

285 

Operated cases gastric ulcers 

(University Hospital, Groningen) 

Men 

2 

11 

14 

36 

IS 

27 

Women 

2 

1 

1 

4 

1 

0 


— 

— 

— 

_ 

— 

— 

Total 

4 

12 

IS 

40 

16 

27 

Operated cases duodenal ulcers 
(University Hospital Groningen) 

Men 

18 

14 

15 

33 

16 

35 

Women 

1 

2 

0 

4 

0 

0 


— 





— 



— 

Total 

19 

16 

IS 

37 

16 

35 


Pyloric hypertrophy in adults in Holland was frequently observed, an 
indication of increased frequency of a spastic condition of the stomach 
Roentgenologists demonstrated many cases where the entire antrum of the 
stomach was rigid laparotomy revealed neither cancer nor ulcer, but hyper- 
trophy of the pylorus Spasm of the entire antrum probably occurred in such 
cases One such patient, a woman of 72, had heavy cramps in the stomach 
and diarrhea, after meals Cancer was suspected because of a stiff antrum, 
but resection of part of the stomach and of the upper part of the duodenum 
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showed only a very thick pyloius Such direct obseivations of increase of 
fiequency in spasm in the stomach sustain the neurogenic theoiy of ulcer of 
Von Beigmann Accoidmg to this theoiy, local spasms cause ischemia m the 
wall of the gastioduodenum, after which digestion takes place of it. 

Acidity of the gastiic secietion deci eased, rather than increased, during 
the occupation Hence these obseivations do not support the theory of high 
acidity as the cause of gastroduodenal ulcer Neither can the increase in ulcer 
cases be attributed to emboli in the gastioduodenal wall Actually, as indi- 
cated in Table III, Ihi ombo-embolism deci eased in frequency, and even almost 
disappeared duiing the last two years before the libeiation, but lesumed its 
piewar incidence within thiee months theieaftei A fourth theory, that 
gastroduodenal ulcer is a complication of chronic gastritis, is not borne out 
by our observations Although theie was a gieat increase in diaiihea among 
the Dutch population, this was mostly nonbacterial in oiigin Studies of 
infection in opeiative wounds and of hematogenous osteomyelitis indicate that 
the people of Holland iveie no more susceptible to infection duiing the first 
three years of the occupation than befoie the war 


Table III — Incidence of Postoperative Thrombosis and Embolism 



1938 

1939 

1940 

1941 

1942 

1943 

Postoperative thrombosis and embolism 

30 

33 

28 

12 

13 

14 

(Surgical Clmic, Groningen) 

Petal pulmonary embolism 

11 

17 

7 

3 

2 

1 

Non fatal pulmonary embolism 

61 

76 

54 

20 

14 

9 


(Postmortem examinations, Binnen Gasthuis Amsterdam) 


Table IV — Incidence of Prolapse of Rectum and Anus 


1938 1939 1940 1941 1942 1943 


Operated prolapsis am and recti 4 12 16 18 28 24 

(Surgical Clinic, University Hospital, Groningen) 


Our conclusion is, theiefoie, that gastioduodenal ulcer is a spastic disease 
w^hose etiology is best explained by the theoiy of Von Bergmann. 

A study of spastic conditions m childien of vaiious ages was made in 
Older to deteimine whether psychic oi nutritional factors w^ere more important 
m causing intestinal spasm Breast-fed babies may be assumed to be rela- 
tively uninfluenced by wai, either psychically or in actual feeding In this 
group we observed no changes during the occupation from pre-ivar levels of 
fiequency of pyloiospasm Childien of one year weie at an age to be some- 
what affected by food changes This gioup showed a small but distinct 
inciease in the incidence of ileocecal intussusception, a spastic disease occur- 
ring most fiequently at this age Children of four to five yeais, still uninflu- 
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enced psychically by the war, suffered as much as adults from the change in 
food supply In this age gioup, as shown in Table IV, a substantial increase 
m piolapse of the mucous membrane of the lectum and anus occuired This 
condition is associated with an inciease in peiistalsis and spasm of the lower 
part of the bowel These observations of children indicate that changes in 
the physiology and pathology of the bowel are influenced in the first place by 
the food ingested 

The above considerations cause us to examine the rationale for the hundreds 
of resections for treatment of gastroduodenal ulcer perfoimed daily Our 
expel lences during the occupation lead us to conclude that diminishing the 
gastric aadity can not be the cause of the success of gastric resection 
Removal of the ulcei, pet se, is not the leason, as fiom oui experience it is 
immaterial whethei the duodenal ulcei is lemoved or left m situ, provided at 
least half the stomach, including the pylorus, is removed The chief effect of 
resection seems to us to be the removal of that part of the gastroduodenum 
most susceptible to the spasm which we assume to be the direct cause of 
the ulcers 

This study, while not affecting therapy, has, in fact, led us to the convic- 
tion that gastroduodenal ulcer is a spastic disease 
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RATIONALE OF PARENTERAL GLUCOSE FEEDING IN THE 

POSTOPERATIVE STATE 

Morton D. Pareira, M.D., and Michael Somogyi, Ph. D 

FROM THE DEPARTMEKT OF SURGER-i AND LABORATORIES, 

JEWISH HOSPITAL OF ST LOUIS, ST LOUIS, MISSOURI 

Glucose seives two purposes m the postoperative state if administered 
properly It acts to prevent starvation ketosis, and to minimize protein catab- 
olism by exertion of its protein sparing effect 

Ketosis always occuis when the liver lacks adequate glycogen stores 
Muscles and other tissues may be provided with all the carbohydrate necessary 
for their normal metabolism, but ketosis still develops if the liver is deprived 
of available glycogen supply. Ketosis, if it emerges and is allowed to persist, 
leads to a progressive deteiioration of the architecture of the hepatic cell, 
since the ketone bodies, i e , /3-hydroxybutyric and acetoacetic acids, which are 
formed exclusively m the glycogen deprived liver, alter the hydrogen ion con- 
centration, and, at the same time, the electrolyte pattern of the cells These 
changes inevitably interfere with the enzymatic reactions and the immunologic 
functions of the liver In a word, normal hepatic function is incompatible 
with ketosis 

Lack of hepatic gl 3 ^cogen initiates, in addition to ketosis, a second adverse 
process, in that it compels the body to burn increased amounts of protein as 
well as fat It is well known that depletion of the protein reserves of the liver 
IS as harmful to normal liver function as exhaustion of the glycogen stores, 
both being essential elements m the normal physico-chemical structure of the 
liver cell 

In the immediate postoperative period one or more of three factors may be 
conducive to hepatic glycogen deficiency One factor is the glycogenolytic 
effect of certain anesthetics which accelerates the conversion of liver glycogen 
into blood sugar and thereby substantially depletes the glycogen reserve A 
second factor is the often necessarily imposed inadequacy of oral food intake 
directly following operation which, especially when superimposed upon either 
of the other factors, leads to lapid exhaustion of the hepatic glycogen content 
A third factor may be the surgical disease itself, especially if it be one with 
which inanition, hepatitis or circulating hepatotoxins are associated 

As preventive measures against the injurious effects of surgical anesthesia, 
proper preoperative dietary measures have been suggested during the past four 
decades by many expeiimental investigations and clinical observations The 
studies of H G Wells,^ Opie and Alford,^ and E A Graham,^ to quote but 
a few representative examples, emphasized the importance of building rich 
hepatic gly cogen reserves as a defense against liver injury by anesthetics, 

This work was carried out with the aid of a grant from the Louis M Monheimer 
Memorial Fund 
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Whipple aqd his collaboiatois**' demonstiated the efficacious piotective effect 
of diets whfch are rich in protein and low in fat content 

Appropriate preoperative dietary measures, in addition to protecting the 
liver against injuiy by anesthesia, help to counteract the ill effects of post- 
operative difficulties in the feeding of the patient But regardless of how well 
the liver had been stocked with proteins and glycogen, the reserves aie 
rapidly exhausted , hence it is necessary to resort to parenteral glucose feeding 
as soon as possible following operation m order to prevent hunger ketosis 
This parenteral alimentation is necessarily linked w ith supplying the necessary 
amounts of water and electrolyte The fluid and electrolyte requirements of 
the postopeiative patient have been quantitatively elaborated by many workers 
The same cannot be said in regard to parenteral glucose therapy There are 
divergencies of opinion and practice, stemming in part from lack of appre- 
ciation of the quantitative factors involved, and in part from disregard of 
certain, pertinent physiologic laws The studies reported here are concerned 
with the application in practice of these factors 

The amount of glucose needed in the postoperative period is decided by 
the purposes of its administration Its primary purpose is to provide the liver 
with enough glycogen for the prevention of ketosis Our studies have shown 
that on an average of 200 Gm of glucose per 24 hours will serve this purpose 
providing that it is well spaced throughout the period There are instances 
in which 150 Gm of glucose will suffice, these are cases without appreciable 
liver damage and with adequate preoperative preparation Again, there are 
instances when 200 Gm of glucose per 24 hours is insufficient to forestall 
ketosis, these are the cases in poor nutritional state at the time of operation 
due either to inanition or to seriously impaired liver function While the 
administration of 150 to 200 Gm of glucose a day may suffice to prevent 
ketosis It will not supply the total energy lequirements of the body, as a con- 
sequence undue quantities of protein will be consumed for fuel By the simple 
means of increasing the glucose supply one can spare appreciable amounts of 
protein from being wasted in this manner with the additional advantage of 
preventing the inevitable formation of ketone bodies in the course of protein 
catabolism Therefore, simply as a means of good physiologic economy, it is 
desirable to supply from 200 to 350 Gm of glucose per 24 hours as a general 
rule The upper limit applies to cases with known 01 suspected liver damage 
and to cases in which a poor nutritional state could not be remedied prior 
to operation 

The concent) atton of glucose solution , to be employed is rather clearly 
defined by the quantitative requirements To meet and yet not to exceed the 
postoperative fluid needs the necessary amount of glucose can be given only 
in solutions of not less than 10 per cent concentration To meet the glucose 
requirement with less concentrated solutions would necessitate the adminis- 
tration of frequently excessive, and often prohibitive, amounts of fluid It is a 
widespread vieu that 10 pei cent glucose solution causes diuresis and throm- 
bosis Many, in holding this view, feel it mandatory to adhere to the use of 
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5 pel cent solutions Regaidless of the validity of these objections, 5 pei cent 
solutions often will not meet the physiologic needs The amount of glucose 
being thus limited, ketonuria is m many instances virtually inevitable An 
example to illustrate this fact is given in Table I 

The patient was a young woman in good health except foi chronic 
cholecystitis with cholelithiasis, for which cholecystectomy was performed 
There had been no episodes of biliary obstruction or clinical cholangitis The 
patient, as indicated m Table I, was given 1500 cc. of 5 per cent glucose 
solution on the day of operation, and 2000 cc daily during the ensuing two 
days On the second postoperative day when oral feeding was attempted, the 
patient was nauseated sufficiently to preclude it We suggested the possibility 
of ketosis, and a urine sample was found to show “three plus” acetone We 
then suggested the admimstiation of 2500 cc of 10 per cent glucose solution 


Table I — Showing a Case tn which Ketosis Was Not Pi evented hy 5 Per Cent Glucose 
Solution, But Was Promptly Controlled by 10 Per Cent Solution 

Time After Start of 

Acetone 


Glucose Infusion Hours 

(urine) 

Amount of Glucose Infused 

Nov 10 

* 

1500 cc 5% solution 

Nov 11 

* 

2000 cc 5% solution 

Nov 12 

+ + + 

2000 cc 5% solution 

Nov 13 (prior to infusion) + + + 


10 20 am 

+ + + 

2500 cc 10% solution started, infused over 

11 30 a m 

+ 

the course of the ensuing 7 hrs , beginning 

12 30 p m 

d= 

at rate of 250 cc /hr and gradually acceler- 

2 30 p m 

0 

ating to 500 cc /hr during last 2 hrs 

3 30 p m 

0 


Nov 14 


(Fed orally) 


* Not tested 


Since It IS well known that starvation ketosis entails a diabetic condition, that 
IS to say, impaired carbohydrate tolerance, it was further suggested that the 
infusion be started at a rate of 250 cc per hour and then gradually accelerated 
from hour to hour, until the rate should become 500 cc per hour during the 
sixth and seventh hours After the onset of this procedure ketonuria rapidly 
decreased to “one plus” during the first, and to a trace during the second hour 
of infusion, and completely disappeared duiing the third hour. The precaution 
as regards the initial low rate of infusion was taken in order to prevent undue 
loss of glucose in the unne During the second and third hours of the infusion, 
when the rate was slightly increased, there was a loss of 8 Gm of glucose in 
the urine Thenceforth there was no glycosuria despite a further increase in 
the infusion rate By the time the infusion was completed the patient was 
amenable to oral feeding, and remained so throughout the postoperative course 
We believe that it is fair to infer from these facts that the nausea and anorexia 
were due to ketosis This ketosis was quite evidently starvation ketosis, which 
2000 cc 6f 5 per cent glucose solution daily failed to avert 
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It IS well recognized that ketosis can be the cause of moie serious conse- 
quences than nausea and anorexia Moie seveie forms of ketosis may lead to 
acidosis, with ensuing depletion and derangement of the electrolyte pattern of 
the tissue cells Such changes fiequently induce smooth muscle spasm, which 
often IS leflected in acute abdominal pain® An example of this phenomenon, 
from among our observations, is that of a patient following supravaginal 
hysterectomy This patient was nourished postoperatively with amigen m 
5 per cent glucose solution and small amounts of low caloric fluid by mouth 
On the fifth postoperative day it came to our attention that the patient was 
beset by nausea, vomiting, and excruciating epigastric pain Severe ketosis 
was suspected A urine sample showed “four plus” acetone and “four plus” 
acetoacetic acid Infusion of 2500 cc of 10 per cent glucose solution was rec- 
ommended As in the preceding case, the existent ketosis was quite likely to 


Table II — Showing that Infusion of 10 Per Cent Glucose Causes No Diuresis When 

Not Accompanied by Glycosuria 

10% Glucose Infused 
in 2 5 to 3 hr Penod 

Urine Excreted 


Glycosurn 

Gm 

Time of Start 

Volume 

cc 

Time 

Volume 

cc 

Nov 9th 





3 40 a m 

1000 

From operation to 9 p m 

175 

0 



9pm to 8 30 a m 

450 

0 

Nov. 10th 





1 00 am 

1000 

8 30 a m to 10 p m 

480 

0 

8 00 a m 

500 





2500 CC intake 1 105 cc output 


Nov 14th 





4 00 p m 

1000 

7 a m to noon 

145 

0 

11 30 p m 

Nov 15th 

1000 

Noon to morning 

800 

Trace 

3 00 p m 

1000 

7 a m to noon 

100 

Trace 



Noon to 5 p m 

100 

0 



5 p m to 7 a m 

700 

0 


3000 cc 

intake 

1845 cc output 



have impaired carbohydrate metabolism, hence the glucose was administered 
over a period of six hours, starting at a slow rate which was then giadually 
increased After the fourth hour of infusion ketonuna was completely obvi- 
ated, and by its termination the patient was asymptomatic and able to eat 
Recovery thenceforth was undisturbed and smooth 

With the description of these two cases we wish to stress the necessity of 
close observation for ketonuna throughout the preoperative, and the critical 
days of the postoperative periods, starting with the veiy first urine specimen 
obtained after the operation Ketosis must be prevented, or if it emerges, it 
must be abolished at its very inception 
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As regards the objections to lo per cent glucose concentrations, first, we 
have not seen thrombosis any more frequently with this concentration than 
with weaker solutions 

For glucose solutions of any concentration to induce diuresis it is obvious 
that glycosuria must first obtain Glycosuria is a consequence of excessive, 
hyperglycemia which, m turn, is due to failure of the body to assimilate 
glucose at the rate at which it is infused 

In contemplating the merits of the view that lo per cent glucose solution 
induces diuresis we must divide operative patients into two groups the first 
comprising those with normal oi near normal caibohydrate tolerance, and the 
second represented by knoi\n diabetics and such patients whose carbo- 
hydrate tolerance is lowered by the surgical disease or effects of the surgical 


Table III — Shoxmng that Diuresis Caused by Infusion of 1000 cc of 10 Pei Cent 
Glucose Is Insignificant Even When Moderate Hyperglycemia Occurs 


Time After Urine 


Patient 

Descnption 

Start of 
Infusion 
Hours 

Blood Sugar 
(Venous Blood) 
Mg Per Cent 

Volume 

cc 

Sugar 

Gm 

BM* 

0 

98 



Female, age S9, with minor fracture 

0 5 

248 



In apparent good health for age, 

1 

302 

5 

0 03 

signs of generalized arte losclerosis 

2 

337 

50 

0 4 

apparent 

Infusion ended 




3 

101 

190 

1 0 


4 

65 

70 

0 4 

JK** 

0 

88 


0 

Female, age 47, with toxic hepatitis 

0 5 

225 

70 

0 2 

(proven by liver biopsy) 

1 

313 

120 

0 6 


2 

379 

150 

1 2 


Infusion entled 




3 5 


260 

2 6 


4 S 


50 

0 3 


5 5 





* 800 cc of 10% glucose, administered at constant rate in the course of two hours 
(40 Gm glucose per hour) 

** 1000 cc of 10% glucose, administered at constant rate in the course of two hours 
(SO Gm glucose per hour) 


procedure In the first group, the production of diuresis by lo per cent 
glucose solution is not possible so long as the rate of infusion does not exceed 
50 to 60 Gm of glucose per hour This fact was first demonstrated by 
Woodyatt”^ who showed that, on an average, o 85 Gm of glucose per kilo 
bodyweight per hour can be administered intravenously to a healthy person 
vithout the pi eduction of glycosuria This means that an average individual 
of 70 kilo bodyweight, whose carbohydiate tolerance is normal, does not 
develop abnormal hyperglycemia leading to glycosuria when glucose is admin- 
istered intravenously at a rate of 600 cc of 10 per cent solution per hour 
And without glycosuria, no diuresis can result from such infusion Besides, 
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in order to allow a safety margin, one should use a some\Ahat lower late of 
infusion, as for example, 2 5 to 3 hours for 1000 cc of solution In Table II 
IS presented an example m which under such conditions, no diuresis 
takes place 

But even when the infusion of 10 per cent glucose solution entails mild 
degrees of glycosuria, due to unforeseen impairment of the glucose tolerance, 
diuresis is still absent This is clearly illustrated by the two examples 
recorded m Table III 

The glucose m these two instances was infused at rates of 40 and 50 Gm 
per hour, respectively, and the urine was collected by catheterization during 
the infusion and for two and two-and-a-half hours after its termination From 
the data m Table III it is evident that there was retention of fluid rather than 
diuresis, although the blood sugar in both cases rose well above 300 milligrams 
per cent and small amounts of glucose were excreted in the urine 

It IS a significant fact, however, that the glucose tolerance of many patients 
is more or less impaired in the postoperative state This condition may be of 
transitory nature, as proved in the course of our studies by entirely normal 
response to the conventional glucose tolerance test following surgical conva- 
lescence In other instances we found distinct, though not severe, forms of 
diabetes which were not diagnosed before the operation probably because the 
disease was m an early stage in which glycosuria occurred only intermittently 
and was completely absent on a balanced hospital fare Such latent diabetes 
is greatly exacerbated in the course of major surgical treatment and is subject 
to further degeneration if ketosis is allowed to develop 

These observations explain why we came upon considerable degrees of 
glycosuria when the rate of glucose infusion was as low as 30 Gm per hour, 
although the patient was not diagnosed as diabetic And it was such observa- 
tions that led us to collect — as a regular routine — urines during and following 
parenteral glucose administration for the quantitative determination of glucose 
While so doing we found instances in which 25 per cent to 50 per cent of the 
glucose was lost when infused at the rate of 50 to 60 Gm per hour Part of 
the glucose may be lost even when infused at the rate of 25 Gm per hour in 
the form of 5 per cent solution And this is exactly the condition m which the 
patient can least afford to lose any of the glucose supplied him Furthermore, 
this IS the condition in which glucose does cause diuresis Thus, the actual 
problem is to infuse the glucose at a rate which is within the assimilatory 
power of the patient, regardless of whether it is given m 5 per cent or 10 per 
cent solution The infusion may be too fast in relation to the tolerance of the 
patient even if a 5 per cent solution is used, and an appropriately low rate of 
infusion may be observed when using a 10 per cent solution 

The answer to the problem, then, is to infuse the glucose at a late which is 
not in excess of the rate of assimilation This does not mean, as might at first 
seem apparent, that the infusion must be extended over five or six hours 
when gtycosuria indicates a low rate of assimilation In most instances it is 
onl)’’ necessar}’^ to keep the rate low during the first hour or even half-hour, 
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following which li can be safety mci eased to a rate of 50 Gm per houi This 
rule IS based upon a well known ph5’’siologic law Staub® and others have 
observed that if two doses of glucose are administered orally at one houi 
intervals, the second dose incites considerably less hyperglycemia than the 
first This phenomenon is due to the fact that the hypeigtycemia produced by 
the first dose stimulates the assimilatory mechanism,’*' with the result that 
the second dose of glucose is utilized at a much higher rate than the first 


Table IV — Shomng the Inaease 

m the Rate of Assimilation Under the Stimulus of 





Hypci glycemia 




Time 


Glucose in Increment 






After 

Venous 

Extra- 

in Extra 



Glucose 

Assinn- 


Start of 

Blood 

cellular 

cellular 

Glucose 

Glucose 

Assimi- 

lation 


Infusion 

Sugar 

Fluid* 

Fluid 

Infused 

Excreted 

lated 

rate 


Hours 

mg % 

Gm 

Gm 

Gm 

Gm 

Gm 

Gm /hr 

Remarks 

0 

98 

13 7 






Case 1 Wt 54 5 kilo 

0 5 

248 

27 8 

14 1 

20 

0 

5 9 

11 8 

Infusion of 80 Gm glu- 

1 

302 

33 8 

6 0 

20 

0 4 

13 6 

27 2 

cose at the rate of 40 

2 

310 

34 7 

0 9 

40 

1 0 

38 1 

38 1 

Gm /hr 

3 

88 

9 8 

—24 9 

0 

0 

24 9 

24 9 


4 

65 

7 3 

—2 5 

0 

0 

2 5 

2 5 


0 

91 

19 1 






Case 2 Wt 84 kilo 

0 5 

195 

32 8 

13 7 

20 

0 

11 3 

22 6 

Infusion of 100 Gm glu- 

1 

231 

38 6 

5 8 

25 

1 3 

17 9 

35 8 

cose at the constant rate 

2 

204 

42 8 

4 2 

SO 

0 

45 8 

45 8 

of SO Gm /hr 

3 

74 

12 4 

—30 4 

0 

0 

30 4 

30 4 


4 

78** 

13 I 

0 7 

0 

0 

—0 7 

—0 7 


0 

89 

16 0 






Case 3 Wt 72 kilo 

0 5 

165 

23 8 

7 8 

14 

0 

6 2 

12 4 

Infusion of 100 Gm glu- 

1 

ISO 

21 6 

—2 2 

14 

0 

16 2 

32 4 

cose at the rate of 28 Gm 

2 

180 

25 9 

4 3 

72 

0 

67 7 

67 7 

m first hour, 72 Gm m 

3 

60 

8 6 

—17 3 

0 

0 

17 3 

17 3 

second hour Perspired 

4 

81** 

11 7 

3 1 

0 

0 

—3 1 

—3 1 

freely, felt "shaky" one 
hour after termination of 
infusion 


* Free glucose is confined to the extracellular fluids, including the whole blood There is no free glucose in the 
cel! content since the cells assimilate glucose onlv after its conversion into glucose phosphate The distribution 
of glucose m the extracellular fluid is not quite even The concentration is highest m b'ood plasma, in the 
corpuscles it is IS to 20 per cent lower We have estimated the average glucose concentration in the total 
extracellular fluid as roughly 20% lower than in the blood We ha\ e taken the total amount of extracellular 
fluid as 25% of the total bodvweight By use of these figures and knowing the venous blood sugar value, the 
amount of glucose in the extracellular fluid was calculated From this knowing the amount of glucose infused 
and the amount lost in the urine in a fixed period of time, the amount of glucose assimilated was determined 
** The increase in blood sugar (glucose in extracellular fluids) is a compensatory response to hypoglycemia 
This glucose is produced by dissimilation (phosphorylation with subsequent dephosphatizationl of hepatic 
glycogen 


This law IS equally valid, as we have obseived in many experiments, when 
glucose IS administered parenterally In Table IV. three cases are presented 
which demonstrate this fact 

CASE REPORTS 

Case 1 IS a 63-year-oId woman with an essentially negative past historj% hospital- 
ized for a relatncly minor fracture, there were moderate evidences of generalized 
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arteriosclerosis An intravenous infusion of lo per cent glucose solution was given the 
patient at the constant rate of 40 Gm per hour As may be seen, the assimilatory rate 
(Gm/hr ) was ii 8 in the first half hour, 272 in the second half hour, and 38 i m the 
second hour of infusion In Case 2, a robust man of 23 years with acute cellulitis of 
the face, a similar infusion was administered at the constant rate of 50 Gm per hour 
The rate of assimilation (Gm/hr) was 226 during the first half hour, 358 during the 
next half hour, and to 45 8 during the second hour Both of these cases show an impaired 
glucose tolerance, as indicated by the blood sugar values determined m the venous blood 

Case 3 (Table IV) is a robust, healthy man of 21 years, who showed no evidence 
of impaired carbohydrate metabolism His only pathology was a very minor fracture, 
and he seemed suitable for the sub] ect of an experiment to demonstrate more emphatically 
the acceleration of the assimilatory mechanism under the stimulus of hyperglycemia He 
was given an intravenous infusion of 10 per cent glucose solution at an initial rate of 
28 Gm per hour, the rate being increased to 72 Gm per hour at the beginning of the 
second hour As may be seen in the table, assimilation of the glucose started rather 
sluggishly, so that only 62 Gm of glucose was assimilated m the first half hour (124 
Gm /hr ) and the venous blood sugar reached a level of 165 mg per cent Under the 
stimulus of this hyperglycemia the rate of assimilation rose to 32 4 Gm /hr in the 
second half hour, while in the second hour, when the glucose was being infused at a 
rate almost treble that of the first hour, the assimilatory rate was doubled to 67 7 
Gm /hr , and the venous blood sugar rose only to 180 mg per cent 

These observations prompt a quantitative procedure for the administra- 
tion of glucose The intravenous infusion of lo per cent solution is begun at 
A slow rate (20 to 25 Gm ) and accelerated to 50 to 60 Gm per hour after the 
first half hour at which rate it is continued until completed All urine speci- 
mens obtained during, and for several hours following, infusions are quanti- 
tatively analyzed for sugar content by a simple method which requires no 
more skill and time than that necessary for the adequate execution of a quali- 
tative test® In those patients who, at any time, show more than minimal 
glycosuria, and in those who are suspected of markedly depressed glucose 
tolerance due to any of the causes previously discussed, serial, quantitative 
urine sugar determinations are made at frequent intervals during the course 
of infusion, and the rate of infusion not accelerated until there is no, 01 
negligible, glycosuria 

Moderate glycosuria, which represents less than 10 per cent of the infused 
glucose, does not invite serious misgivings as to the correctness of the pro- 
cedure It still represents fair economy and, as shown in Table III, does not 
entail diuresis It is always desirable, however, to determine quantitatively 
the extent of glycosuria during and for two hours after the infusion in order 
to ascertain that there be no undue waste of glucose 

If the loss through glycosuria amounts to 10 per cent or moie of the 
glucose infused, despite the precautions just described, the use of insulin is 

* The term "assimilation” is used here to denote the process of incorporation of blood 
sugar into the cell content This process is contingent upon the phosphorylation of 
glucose, since cells are impermeable to free glucose The phosphate esters of glucose are 
then either oxidized in the cells or polymerized to glycogen for storage The latter 
processes, however, are not part of the process of assimilation , the former is a storing 
process, the latter catabolism 
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indicated The same holds, of course, for diabetic patients Insulin m these 
cases is of great service, but can do as much harm as good if it is not governed 
by due consideration to certain physiologic principles We intend to discuss 
this aspect of the problem m a separate note 

SUMMARY 

I The purpose of postopei ative parenteral glucose therapy is two-fold 
prevention of starvation ketosis, and exertion of its protein-sparing effect 
2. This dual purpose can be achieved with amounts of glucose no less 
than 200 to 350 Gm , well spaced ovei the 24 hours 

3 Such amounts of glucose, if they are administered m solutions of less 
than 10 per cent concentration, make the total amount of fluid excessive, and 
often prohibitive The concentiation of the glucose solution, therefore, must 
not be less than 10 per cent 

4 The view that 10 pei cent solutions necessarily cause diuresis is 
erroneous If the solution is infused at proper rates, m keeping with the rate 
of assimilation, excessive hypeiglycemias and consequent glycosurias are pre- 
cluded and hence diuresis does not occur 

5 A rational procedure of intravenous glucose infusion entails an initial 
low rate of infusion of 10 per cent solutions (m combination with Ringer’s 
solution or physiologic saline if desired), with subsequent acceleration of the 
rate Serial quantitative determinations of mine sugar show whether or not 
the rate of infusion exceeds the rate of assimilation and thus serve in guiding 
the regulation of the rate of infusion 
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The operation of high ligation and retrograde injection of the saphenous 
vein has become the treatment of choice in those cases of varicose veins show- 
ing evidence of retrograde flow This appears to be a rational method for, m 
the presence of incompetent valves, the weight of the column of blood from 
the femoral ring to the ankle interferes with venous return in the lower leg, 
and leads to pooling of blood in the large varicose veins 

It appears to be the belief of the occasional operator that this is a simple, 
easily earned out procedure, free from hazard Consequently, the operation 
is widely practised by inexperienced surgeons and hospital internes 

As might be expected unfortunate results are occurring with increasing 
frequency The purpose of this paper is to report 21 such cases, and, from a 
■study of the results, to offer suggestions which might decrease the incidence 
of complications It is quite obvious that minor surgical complications, such 
as haematomata and infections, will occur m a percentage of these cases 
depending on the care and skill with which the operation is carried out How- 
ever, we wish only to discuss the serious disasters such as occlusion of the 
artery by operative trauma, deep femoral phlebitis, and, perhaps, those more 
frequently unfavorable results due to damage caused by sclerosing solutions 
It should also be mentioned that all these adverse results happened not only 
to occasional, or junior, operators, but also to senior surgeons of great experi- 
ence and high standing 

The operation of ligation of the great saphenous at the saphenofemoral 
junction may be difficult in an obese individual with a thinned out varix near 
the terminal portion, especiall)’^ if, due to previous phlebitis and periphlebitis, 
firm adhesions are present The varix is easily torn, or one of the large 
branches may escape the ligature It should be appreciated that very little 
pressure is lequired to stop this flow of blood but, at the moment, the unex- 
pected seventy of the bleeding upsets tlie calm of the surgeon and uncontrolled 
clamping results in injuiy to the deep fenioial vein, the artery oi the nerve 

Case 1 — While freeing a large varicose saphenous vein a large tributary was toin 
near the terminal portion Kelly clamps were hurriedly applied which, on later investi- 
gation, proved to have included the femoral vein necessitating its ligation When last 
seen some months later marked oedema of the leg was present This patient, a soldier, 
had to be re-categorised and returned to base duties On discharge he was found to be 
pensionable because of this permanent disabilitj' 
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Case 2 — ^I'his patient was operated upon, under local anaesthesia, by a skilled sui - 
geon m charge of a varicose vein clinic, in the Outdoor Department of a large teaching 
hospital She was obese, a known hypertensive, and an electrocardiograph had shown 
evidence of myocardial degeneration Her veins were large, troublesome and showed 
valvular incompetence The past history revealed an episode of phlebitis At operation, 
a large varix was present at the saphenous junction, adherent to the adjacent tissues 
While dissecting this free, the saphenous was torn at its femoral junction Severe hemor- 
rhage occurred which could not be arrested by careful clamping Finally, bleeding was 
controlled by pressure while a blood transfusion was given and a general anesthetic 
commenced An enlarged incision was made to allow dissection of the femoral vein, 
which was ligated However, the patient went into shock, and, in spite of blood trans- 
fusion, died half an hour later Autopsy showed no lesion to account for her death, so 
It must be presumed that this severe hemorrhage overtaxed a damaged cardiovascular 
system, with fatal result 

After such an accident it is easy to point out how the hemorrhage could have been 
more safely handled, for example, by the use of packing and a pressure bandage, but 
these emergencies occur quickly and become frightening to the surgeon, who usually 
makes every effort to arrest the bleeding by clamping the bleeding point 

In this presentation no example of ligation of the femoial vein with 
letrograde injection of sclerosing fluid is included, but when it is realized 
how superficial the femoral vein is in the inguinal region, it is easy to imagine 
that the saphenous may be considered as a tributary rather than as the mam 
vein, and the femoial ligated and injected m consequence Such an accident 
would certainly result m a marked oedema, and later in a so-called postphle- 
bitic leg 

Case 3 — ^This patient had had a previous ligation and injection of the saphenous 
vein with recurrence of varicosities A surgeon, with considerable interest and experi- 
ence in the treatment of varicose veins, elected to explore the saphenofemoral junction 
The adhesions from the former operation made the procedure difficult but, presumably, 
the vein was found ligated and distally injected with sodium morrhuate Immediate 
pallor and paresis of the leg occurred When the wound was reopened, it was found that 
the femoral artery was ligated, divided and distally injected In spite of palliative treat- 
ment, a mid-thigh amputation was required 

Case 4 — A young woman underwent ligation and injection of the saphenous, under 
local anesthesia When the vein was injected, severe pain occurred from the groin to the 
toes, the leg blanched, and no arterial pulsation was obtainable This patient was seen 
by one of us m consultation The leg was found to be cold, blanched, exceedingly 
sensitive and pulseless Subsequent gangrene necessitated a mid-third thigh amputation 
Histological examination showed thrombosis of the major arteries The surgeon stated 
that the vessel he ligated did not pulsate, but it is well recognized that a state of spasm 
often occurs in a vessel on exposure and handling which minimizes pulsation In this 
case, the original wound was not explored The young, but well-trained, surgeon is now 
defending a lawsuit foi very large damages and has suffered a seiious setback in 
his career 

Case 5 — ^This patient underwent bilateral saphenous ligation and injection Eight 
cc of sodium morrhuate solution were injected into both veins Considerable pain was 
felt m the left thigh after the operation The veins were well thrombosed and the leg 
arteries were noted to be pulsating normally on discharge three days later A month 
later, she was readmitted with a sloughing, gangrenous, foul-smclhng ulceration, five 
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inches in diameter, in the left upper posterior aspect of the thigh Bacterial study 
revealed anaerobic streptococci as the predominant organism On excision, it was found 
that the gangrenous slough involved the surface of the femur, included the sciatic nerve, 
and extended into the perineum Amputation was considered but refused The femur 
has now regenerated and the wound has healed but sciatic paralysis remains The Was- 
sermann is negative, the blood sugar curve is normal, and arterial circulation has always 
been adequate This operation was carried out by a senior surgeon of great experience 
and there seems little possibility that any technical error occurred The area of tissue 
necrosis corresponds to the distribution of the profunda femoris artery, and it has been 
suggested that the complication was due to spasm of this artery There are many objec- 
tions to this explanation 

Case 6 — This patient underwent a high and low ligation of the right saphenous, 
under general anesthesia Sodium morrhuate was injected at the time of operation The 
patient was confined to bed for three days because of fever Six days after the first 
operation the left saphenous was ligated and injected Because of fever the patient was 
again confined to bed Six days later, still febrile, she complained of a tight feeling in 
the chest, general malaise and a dry cough A chest roentgenogram revealed a shadow 
suggestive of pneumonia at the right base A second acute episode occurred eight days 
later One month following her second operation she died suddenly Autopsy showed 
thrombosis of all the great veins of the left leg extending up to the inferior vena cava, 
with healing infarcts in the lower lobe of the right lung, and massive recent emboli 
filling the pulmonary artery 

Case 7 — This patient, a young woman, died suddenly at home, a week after ligation 
and injection of the left saphenous vein, presumably from a pulmonary embolus 

Case 8 — This patient had bilateral saphenous ligation Four days later, daily 
injections of calf varices with 2 cc of sodium morrhuate were begun He was dis- 
charged two weeks later but developed a pulmonary embolus shortly after leaving the 
hospital Two further emboli occurred associated with bilateral pleural effusion The 
patient had bilateral thrombophlebitis He was discharged from the Army, and when 
recently examined showed bilaterally swollen, aching legs, with medial supramalleolar 
ulcers In this case, the saphenous veins having been ligated, the phlebitis presumably 
occurred in the deep femoral vein 

In all, information has been received of four fatalities and ten further 
cases of deep thrombophlebitis following ligation and injection of saphe- 
nous veins 

The cases of deep thrombophlebitis all have peimanent disability, some 
with persistent oedema, eczema and ulceration of the leg The cases which 
occurred m the Services will all be pensionable 

It may be true that operative accidents, as described above, are com- 
paratively rare Two other cases of femoral aiteiy ligation are knoivn to the 
authors, but not reported here because of insufficient data What has been 
reported, how^ever, should be sufficient to show the hazards of saphenous 
ligation and retrograde injection, and to emphasize the difficulties the pro- 
cedure may present to the surgeon In order to save beds, many hundreds of 
these cases have been done in the outpatient clinic of the Royal Vic- 
toria Hospital m the Varicose Vein Clinic, under local anesthesia This pro- 
cedure, except for the death reported previously, has proved satisfactory, 
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especially as immediate ambulation appears to be of great value However, 
certain rules have had to be laid down Adequate opeiatmg room equipment 
and nuising staff must be available, together with an assistant of some experi- 
ence The opeiation can only be carried out when the senioi surgeon in charge 
of the clinic is in attendance in the outpatient clinic In the event of any unusual 
complication the advisability of admitting the patient, or of immediately 
calling one of the senioi consultants, must be consideied The surgeon must 
be familiar with the anatomy of the saphenous vein (and especially its 
tributaiies), the fossa ovahs and its relation to the deep fascia, and also the 
lelationship of the saphenous to the femoral vein and artery. A useful 
anatomic consideration is the fact that the superficial external pudendal artery, 
though occasionally variable, runs on the lower superficial edge of the fossa 
ovahs posterior to the incurving saphenous vein It is, therefore, a good guide 
to the sapheno-femoral junction After incising the skin, one should feel 
carefully foi the pulsation of the femoral arteiy, so that a^dequate orientation 
may be achieved Dissection must be meticulous In this way will the oper- 
ative hazards be reduced to a minimum 

If the mam vein is torn, blind clamping is dangerous The bleeding is 
venous, of low pressuie, and can easily be controlled by the finger or by 
packing Lowering the head of the table still further lessens the pressure 
For this reason it is a wise precaution to fix shoulder rests on the table before 
operating Suction apparatus should always be immediately available m case 
of bleeding Careful lemoval of the packing after several minutes with the 
use of suction to keep the wound free of blood, usually shows the point of 
bleeding \^hlch can be delicately clamped Ligation of the femoral vein, 
which has usually been torn, is then indicated 

It is still open to question whether primary femoral arterial thrombosis 
can occur as a result of saphenous vein ligation and injection It appears 
possible, however, that transient arterial spasm may result The authors have 
observed five such cases out of 756 operations earned out under local anes- 
thesia In these cases greater pain than usual occurred in the leg immediately 
following operation The pain was of a burning cramp-like character In three 
cases the pain radiated to the lumbar region and necessitated temporary dis- 
continuance of the operation The leg blanched and no pulsation could be 
felt in the involved foot The pain disappeared in thirty minutes The only 
reasonable explanation appears to be that operative trauma, adjacent to the 
femoral artery, produced spasm sufficient to arrest the blood flow for half 
an hour 

The maj'ority of accidents are due to deep venous thrombosis and 
embolism When large quantities of sclerosing solutions are injected into an 
incompetent vein some of the fluid is apt to enter the deep system through 
communicating branches Every surgeon has noted the complaint of the 
patient of a bitter taste m the mouth, or of an abdominal cramp following the 
injection of 2 cc of quinine urethane into an incompetent superficial varicosity 
Presumably, this fluid has passed into the deep venous circulation, and been 
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absorbed Pei haps this phenomenon is illustiated in that considerable group 
of patients wlio show persistent oedema following saphenous ligation and 
injection In the rare cases who die of embolism, other unsuspected factors 
may be present, for example, an increased clotting tendency, the use of a 
larger amount of sclerosing solution than is usually advised, or prolonged post- 
operative inactivity 

The authors have collected i6 accidents due to thrombosis, but as these 
cases have been seen not only in our own hospital but also in the Services 
and in consultation, no percentages can be arrived at Perhaps this is just 
as well for the percentage would be low enough to give the surgeon a feeling 
of safety, but as the widow said, “The percentage might as well be too per 
cent as far as my husband and I are concerned ” Of the i6 cases referred to, 
with deep venous thrombosis following ligation and injection, four produced 
fatal pulmonary embolism, and two developed minor emboli 

Against the facts of this report must be weighed the knowledge that the 
ligation and retrograde injection treatment of varicose veins appears to be 
the best yet evolved It is not our wish to discredit it We have observed that 
the thrombotic accidents all occurred in patients who did not walk for 12 
hours or moie following operation In several cases general or spinal anes- 
thetics had been used which delayed walking for several hours It is sug- 
gested, therefore, that only a local anesthetic be used, and that patients walk 
immediately after operation Further, it was noted that in all these cases 
more than 6 cc of sclerosing fluid were used It is suggested that no more 
than 5 cc of any sclerosing solution be injected at the time of operation 
Experience may finally show that ligation alone should be carried out, with 
later injections once a week until the varicosities have been obliterated 

In a series of 756 ligations and injections, mostly on outpatients, under 
local anesthesia, who walked immediately after operation and for 15 minutes 
every hour following operation with active dorsi — and plantar flexion of the 
foot as soon as the sclerosing solution had been injected, we have had no case 
of embolism Early ambulation is designed to ensure a rapid flow of blood 
in the deep venous system In none of these cases has more than 6 cc of 5 
per cent sodium morrhuate been injected, and, by drawing back blood into 
the syringe, this amount has been diluted three to one with blood before injec- 
tion One death occurred as reported above (Case 2) due to actual operation 
One case had a deep phlebitis, treated by subsequent ligation of the super- 
ficial femoral vein 

If an embolus should occur, we advocate removal of the clot in the vein 
with ligation of the superficial femoral vein This appears safer than the use 
of dicoumarol, but, if ligation is not feasible, dicoumarol in adequate doses 
should be given, controlled by frequent estimations of the prothrombin time 
Again, it should be emphasized that this report is not intended to discourage 
the use of the operation of ligation and injection of the saphenous vein for 
varicose veins with incompetency, but to warn of the dangers and offer a few 
suggestions as to how these dangers may be overcome 
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SUMMARY 

1 This papei is piesented to emphasize the increasing number of untoward 
results following the operation of ligation and retrograde injection of varicose 
veins Twenty-one such cases are referred to 

2 These disasters belong to two mam groups, those resulting from 
operative difficulties and mistakes, and those resulting from deep venous 
thrombosis subsequent to operation The latter group is the larger 

3 Study of the thiombotic group shows that two factors probably play 
a considerable role in the foimation of this thrombosis These are lack of 
muscular activity of the legs following operation, resulting in a slowing of the 
deep venous return, and the use of too great a quantity of sclerosing fluid 

4 Suggestions aie made wath a view^ to preventing the disasters of both 
the operative and the thrombotic groups 
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SACROCOCCYGEAL CHORDOMA 
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FROM the bone TUMOR SERMCE MEMORIAL HOSPITAL NEW YORK 

Chordoma, though a raie tumor, is encountered often enough to require 
consideration, particularly in a tumor clinic where there are other types of 
neoplasms from which it must be differentiated For those interested in 
oncology a knowledge of the clinical course, diagnosis and prognosis of choi- 
doma as well as its response to various therapeutic methods is important 
This study is based on an analysis of seven cases observed and treated at the 
Memorial Hospital from 1930 to 1943, inclusive, in addition, 128 previously 
reported cases have been reviewed 

Defimhon Chordoma is a specific tumor arising from the remnants of the 
primitive notochord It is characterized by slow growth which is inexorably 
progressive, a tendency to invade and destroy bone by direct extension, local 
lecurrence after surgical excision and slight or negligible regression following 
irradiation Occasionally chordoma is capable of regional and distant lymph 
node and visceral metastases 

Histoucal Sianmaty Attention was first called to chordoma in 1856 by 
Virchow®® who described small tumor-like masses at the spheno-occipital syn- 
chondrosis It was Virchow's belief that this tumor was essentially carti- 
laginous in nature and he called it ecchondt osis (from cartilage) physahphora 
(vacuole containing cell) Two years later Muller®'* suggested that there was 
a relationship between this growth and the chorda dorsalis and accordingly 
introduced the term chordoma (chordoid tumor) It was not until 1894 that 
the true nature of this neoplasm was definitely established by RibberF® who 
reported five cases of his own This author carried out extensive morphologic 
investigations and the evidence which he accumulated supported Muller’s 
notochordal origin of chordoma In addition, Ribbert is credited with demon- 
strating the derivation of chordoma from notochordal remnants by puncturing 
the nucleus pulposus in rabbits and producing a tumor which was supposed to 
be grossly and microscopically identical with chordoma The first case of 
sacrococcygeal chordoma was described in 1900 by Henning*® who encoun- 
tered this tumor while performing a postmortem examination on a seven- 
months-old stillbiith 

Although several comprehensive reviews of the literature have been pub- 
lished by Stewart, Mabrey, and others, most of the reports have been based 
on personal experience with only a single or a few cases Aside from the 
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present repoi t, only three clinical pathologic studies have been made based on 
a lelatively laige senes of chordoma m the sacrococcygeal region, namely, 
that of Seneque and Grmda (8 cases) , Fletcher, et al (lo cases) , and Mabrey 
(8 cases) In a complete review of the literature on sacrococcygeal chordoma 
^\e found only 128 reported cases, or a total of 135 including the seven 
reported by us 

Incidence It is difficult to deteimine with accuracy the incidence of chor- 
doma since It occurs so raiely During the period from 1930 to 1943 inclusive, 
31,099 cases of cancel were seen at Memorial Hospital (first admission) and 
among these vere only seven cases of saci ococcygeal chordoma and two of 
the spheno-occipital type 

Age Although choidomas ma}^ occur at any age, they are usually encoun- 
tered 111 about the 5th decade of life. Of the 128 cases reported m the liter- 
ature (Table I), the youngest patient was three months old, the oldest 78 
years of age, and the median age was 46 yeai s In the sei les herein reported 
(Table II), the youngest patient was 50 years and the oldest 70 years of age, 
the median age was 60 years It is likely, however, that chordoma aiises at a 
much earlier age than these figures leveal for an analysis of our own and pre- 
viously leported cases show^s that theie is an average inteival of about thiee 
years betw'een the onset of symptoms and hospital admission Even the age of 
the onset of symptoms is not a reliable index of the date of origin of the 
tumor for chordoma is admittedly slow^ growing and in all likelihood arises 
many years before the appearance of clinical manifestations 

Sex Sacrococcygeal choidoma is encounteied moie often in male than in 
female patients In the pi esent series of seven cases there w^’ere five males and 
two females and of the 128 patients reported m the literature 68 per cent were 
males The significance of the predominance of males is difficult to evaluate, 
but there is no evidence to support the thesis that this neoplasm might be 
considered one of the sex-linked tumors 

ETIOLOGY 

Trauma The question of tiauma as an etiologic factor in the production of 
certain anatomic forms of cancer is complicated and highly controversial A 
recent excellent review of this subject by Stewart®® indicates that, at least in 
the human, single or multiple injuries, especially m the case of a bone tumor, 
cannot be seriously regarded as a significant factor in the etiology of neo- 
plasms Although Ribbert was supposed to have produced experimental chor- 
doma in the rabbit by puncturing the nucleus pulposus, his work is incon- 
clusive and has never been confirmed A history of trauma was obtained in 
tw 0 of our seven cases, and of the previously reported cases of sacrococcygeal 
chordoma in the literature, definite trauma to the lower end of the spine w'as 
recorded in 32 per cent It is our conclusion that the relationship of injury 
to the onset of this neoplasm remains unproven 

Development Anatomy The anatomic origin of the notochord has never 
been definitely established We do know% however, that at an early period of 
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embryonal development a thickening of the entodeim occurs in a mid-sagittal 
plane knon n as the choi dal plate and it has been shown that this plate becomes 
pinched oft fiom the entodeim foimmg a longitudinal structure ventral to the 
neural canal— the primitive notochord (Fig i) The notochord then becomes 
surrounded by mesench3’’me and these mesenchymal cells arrange themselves 
in segments, thus constituting the anlage of the vertebrae Each of these 



Fig I — Trans\ersc section of human embryo (KoIIman) 
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sclerotomal segments stiiiounding the notochord is vascularized by an inter- 
segmental arter}'’ Between the segments there is an avascular area which 
remains undiffeientiated foi some time and this avascular zone represents the 
anlage of the intervertebi al disc (Fig 2) 

In the embryo of ten weeks the vertebral body contains typical cartilage 
and ossification centers and al this time the tissue between the primitive ver- 
tebrae consists of elongated fibioblastic cells As the intervertebral tissue is 
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compressed by the growing vertebral bodies, due to progressive cartilaginous 
formation and ossification, the cells on the periphery of the notochord are 
extruded so that the notochordal cells are only confined to the central portion 
of the intervertebral disc, i e , the nucleus pulposus 

The bulk of available evidence indicates that chordomas arise from the 
primitive fibroblastic cells of the notochord Although the present study is 
confined to an analysis of chordoma in the sacrococcygeal region, distribution 
of the tumor elseu here along the vertebral column is of interest in this study, 
especially from the point of view of comparative anatomic incidence Of the 
i6i reported cases of chordoma of all types encountered in the literature up to 
1935 and including the Memorial Hospital series, 6o per cent were of the 



Fig 3 — M (Case 5) Surgical specimen of a lobulated and well 
encapsulated notochordal tumor 

sacrococcygeal type and about 30 per cent occurred in the spheno-occipital 
synchondrosis The remaining 10 per cent were evenly distributed in the 
cervical, lumbar and thoracic regions The predilection of chordoma for the 
sacrococcygeal area has never been satisfactorily explained, although some 
authors attribute this regional selectivity to the high incidence of trauma to the 
lower end of the spine We have already mentioned the difficulty of evaluating 
the relationship of trauma to this tumor, or indeed to neoplasms in general 

PATHOLOGY 

Gloss Pathology A chordoma is almost always not a resectable tumor 
even when only moderately advanced, hence few specimens are available for 
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Although this tumor is well differentiated and of lelatively low grade 
malignancy, less differentiated and more highly malignant types are occasion- 
ally encountered, probably accounting for the widepsread metastases which 
occur in about lO per cent of the cases 

SYMPTOMS, MORBID ANATOirY, AND CLINICAL COURSE 

A chordoma is a slow-growing tumor and does not produce clinical mani- 
festations until It IS moderately well advanced Oui review of 128 cases of 
sacrococcygeal chordoma leported in the literature leveals that the average 
duration of symptoms was 20 months before the patient finally sought relief, 
and m two instances 20 years elapsed from the time of onset of symptoms 
until the patient consulted a physician (Costa and Filho^^, and Reynes'^'^) 



Fig 5 — P K (Case 4) Aspiration biopsy (high power) — physaliphorus cells and intra- 

and extra-cellular mucin are seen 


Symptoms aie directly dependent on the location of the growth and are due 
to expansion of a bulk}'^ neoplasm and to destruction of bone 

In sacrococcygeal chordomas pain is the earliest and most frequent symp- 
tom It IS geneially mild and intermittent at first, becoming severe and 
intractable when the tumor involves the neive roots and sacrum In one-half 
of the cases, pain is present foi many months befoie a tumor mass is noted 
The patient’s first complaint is usually pain m the lectal and anal regions, 
which fiequently piompts the examining physician to make a diagnosis of 
hemorrhoids Subsequent hemoiilioidectom)’’, of coutse, affords no lelief As 
the tumor begins to invade the rectum and urinary bladder, obstinate consti- 
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pation and urinaiy difficulties occur, and fecal and uimaiy incontinence com- 
plicate the clinical picture in most of the advanced cases With involvement of 
the posterior neive roots, motoi and sensory disturbances of the lower 
extremities, gluteal region and external genitalia occui as well as trophic ulcers 
of the foot In most of the cases the clinical couise is slow hut progressive, 
with eventual involvement of adjacent stiuctures, paiticularly the sacrum 
Destruction of the sacium is an almost constant clinical manifestation of 
chordoma and is responsible for most of the moibidity pioduced during the 
early and moderately advanced stages of this disease It n as present in all of 
our cases and in one patient was complete (Case 2) 

In the fai -advanced cases, with widespread bone destruction involving the 


posterior neive roots and pelvic vicera, the patient will piesent a picture of 


intractable pain, paraplegia and fecal 
and urinary incontinence Intestinal 
obstruction and rectal and bladder 
hemorrhage may occui in the final 
stages of the disease 

On the other hand theie have been 
a few reported cases in which the 
course of the disease was fulminating 
In 1933 Montgomeiy and Wolman*’^ 
repoited two cases of saciococcj^geal 
chordoma in which the duration of 
symptoms was only one month, fol- 
lowed by death from widespiead 
metastases slioitly theveafter In one 
of oui patients (Case 7) symptoms 
iveie piesent foi only three months, ’ 
at ivhich time a bulky, ivell advanced 



sacrococcygeal chordoma was dis- Fig 6 —S M (Case 6) Clinical photo 
covered showing the tumor protruding in the lumbo- 

The most constant physical find- sacral region 


mg in saciococcygeal choidoma is the 


presence of a mass, the location of which will depend upon the dnection of 
growth If It IS located anteriorly and piotrudes into the pelvis, pushing 
fonvaid the posterior wall of the rectum, no apparent tumoi wall be seen on 


inspection and external palpation, and only by digital rectal examination can 
such a growth be suspected The hollow' of the sacrum should ahvays be care- 
fully palpated, since a sacial tumoi may easily be ovei looked if only the 
anterior wall of the lectum is examined Obviously if the dnection of the 
giowth is posleiiot, a visible and palpable external tumor is piesent (Fig 6) 
Occasionally glow th will extend in both diieclions (anteiioily and posteiioily) 
witl' piodiiction of both a pelvic and a postsacial mass In the piesent senes, 
anteiioi giowth was piesent in tliiee cases, poster 101 giowth m two cases, and 
anteiior and posterioi giowth in two cases, these propoitions are in accoid- 
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ance with observations of Stewart®* and others If the direction of growth is 
anterior, a pelvic mass will ultimately be present and in the late stages of this 
anatomic type of the disease, an mtra-abdominal tumor will be noted Re- 
gardless of the pattern of growth, palpation of the tumor will usually reveal it 
to be of firm consistency, though occasionally cystic areas are also present 
Curiously enough, the soft somatic tissues of the buttock and sacral region 
and the overlying skin are seldom involved by tumor, and cutaneous ulceration 
does not occur unless injudicious roentgen radiation has been given or surgical 
excision attempted followed by faulty wound healing This can be asciibed 
to the fact that a chordoma is a slow-growing, expanding tumor and only 
becomes invasive and destructive ivhen it meets with some resistance in the 
path of Its growth as in the sacrum The skin of the buttock is elastic and 
resilient so that in cases of massive, expanding tumor it can be pushed forwaid 
to a consideiable degree without actually becoming involved by the disease 
Widespread metastases do occur, though rarely, particulail)'^ to the lungs 
and liver and the peripheral lymph nodes (Table III) Pulmonary metastasis 
vas observed in one of our cases (Case 6) and was reported m approximately 
5 per cent of the cases m the literature 

DIAGNOSIS 

Since a sacrococcygeal chordoma produces a bulky mass externally or in 
the hollow of the sacrum, the condition should be suspected even though it 
might often simulate other neoplasms which occur in the sacrococcygeal area 
as \\ell as non-neoplastic diseases in or about the pelvis The tendency for 
chordomas to involve the pelvic viscera late m its course and the infrequency 
with which the overlying skin and subcutaneous tissues are involved, together 
with the occasional presence of cystic aieas noted on physical examination aie 
factors which should lead the examiner to suspect the possibility of a sacrococ- 
cygeal chordoma As already emphasized, the sacrum is invaded and destroyed 
by a chordoma relatively early in its course so that loentgenographic studies 
will reveal some evidence of bone destruction in almost every case These 
roentgenographic findings together with the clinical manifestations enumer- 
ated above warrant a tentative clinical diagnosis 

Dtffeieiitial Diagnosis There are several conditions from which sacro- 
coccygeal chordoma must be diffeientiated since they also may produce bulg- 
ing, bulky tumefaction in the sacral and parasacral regions with or without 
bone destruction 

(i) Chondrosaicoma of the sacium Although this condition occurs but 
rarely, it may simulate a sacrococcygeal chordoma clinically because of the 
presence of a sacral tumor and roentgenographic evidence of bone destruction 
However, chondrosarcoma of the sacrum does not usually produce a massive 
tumor until it is far advanced, at which time the surrounding soft tissues and 
skin are extensively involved and frequently there are associated pulmonary 
metastases In the early stages of sacral bone sarcoma only roentgenographic 
studies wull clearly differentiate the tw'o conditions, and in the last analysis a 
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positive diagnosis can onl} be established by micioscopic examination of a 
biopsy specimen 

(2) Tuberculosis of sai.ium Tubeiculous infection of the sacium is 
admittedly a raie occuirence but can pioduce bone changes logethei with 
abscess foimation, resulting in a parasacial mass When osseous tuberculosis 
advances to a stage where a bulky mass is produced, soft tissue infection (cold 
abscess) is invariably piesent and the clinical differential diagnosis should 
not be difficult Evidence of tuberculosis elsewheie, together with positive 
liacteiiologic findings, will aid m establishing a definite diagnosis of sacial 
tubeiculosis 

(3) Tumois of the female pelvic organs When a saci ococcygeal choi- 
doma expands anterioily to push the pehic visceia forward, a pelvic, 01 
occasionally an abdominal, tumoi will be present, thus simulating the clinical 
picture of a neoplasm of the female genital tract In one such case reported 
by Reich and Nechton,'^*' a cystic pelvic chordoma clinically resembled an 
ovarian cyst m every way and the patient was even subjected to a laparotomy 
Again, roentgen-ray studies of the sacral bone wnll almost always eliminate a 
primary tumor of the female genital tract since the latter does not usually 
invade bony structures 

(4) Tumors of the spinal cord When the posteiioi nerve roots become 
involved by a chordoma, neui ological manifestations appear in the lowei limbs 
and the later course of the disease is characteiized by fecal and uiinary incon- 
tinence Since these symptoms may also be produced by tumors of the spinal 
cord, the latter condition must be considered in the differential diagnosis The 
differential diagnosis should not be difficult since neurological symptoms and 
signs occur early in lesions of the spinal coid, wheieas bulky tumors in the 
sacrococcygeal region and pelvis aie raiely encountered under these conditions 

(5) Tumors of the sacral soft parts Benign and malignant tumors of the 
soft parts about the sacrum may clinically resemble sacrococcygeal chordoma 
in every way, especially when they assume massive propoitions (neuro- 
fibroma,, neurogenic sarcoma, spindle cell saicoma, etc ) Again, tumors of 
these soft parts seldom involve bone and then only late in their course, so that 
roentgenographic study of the sacrum is of considerable value in establishing 
the diagnosis The final decision however will depend on the microscopic 
study of biopsy material 

(6) Sacrococcj^geal teratoma This rare and unique tumor is almost 
always encountered m infants and children and in most cases produces an 
external pedunculated growth without evidence of actual involvement of 
the sacrum 

(7) Cancer of the rectum A colloid rectal carcinoma situated on the pos- 
terior rectal w'all may often resemble sacrococcygeal chordoma which has 
expanded anteriorly to invade the rectal w'all In advanced cancers of this 
t>pe with invasion of the pararectal tissues, the clinical differentiation may be 
difficult Since this neoplasm how ever, show's little tendency to bone mvolve- 
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ment, loentgen-iay studies of the pelvis aie of consideiable aid in distinguish- 
ing between the two conditions 

Rocnigcnogiapliit Pcatmcs Roentgen-iay exainination is an invaluable 
diagnostic aid since a saci ococcygeal choidoina involves the sacium relatively 
early in its couise in almost eveiy case Oui analysis of previously reported 
cases show's that a coiiect i adiogi apliic diagnosis w'as made in only about lo 
per cent of the cases, and m the Memoi lal Hospital senes of seven cases the 
diagnosis of saci ococcygeal choidoma 
was made in foiii In thiee of oni 
cases w'heie the collect diagnosis was 
not made on loentgen-iay examina- 
tion, the loentgenologist’s lepoit was 
osteogenic sarcoma, giant cell tumor, 
and bone desti uction of undetermined 
origin, respectively Hsieh and 
Hsieh^'* made extensive loentgeno- 
graphic studies of chordoma and 
stated that there are four signs w'hich 
are rathei typical of this tumor — (i) 
expansion (Fig 7) , (2) raiefaction 
01 destruction (Figs 8 and 9) , (3) 
trabeculation , (4) calcification We 
believe that if these loentgenographic 
manifestations are piesent in a case 
in w'hich a bulky saci ococcygeal tumor 
IS present, a diagnosis of chordoma is 
justifiable 

Aspnatwn Biopsy At the Memo- 
rial Hospital a final diagnosis is al- 
w'ays dependent on a histologic exam- 
ination of a tissue specimen wdierever 
biopsy IS possible Aspiration biopsy has, in oui experience, been a simple and 
effective method of establishing a microscopic diagnosis of choidoma This 
method of tissue examination obviously requires the cooperation of a pathol- 
ogist ^Yho IS thoroughly familiar rvith and tiained in the inteipietation of 
aspirated tissue Aspiration biopsy was perfoimed in six of the seven cases 
in the present senes and an unequivocal diagnosis of choi doma w as made in 
four of these An incoiiect diagnosis of chondi osai coma w'as made in one of 
the other two cases and in the last case the amount of tissue obtained by 
aspiration w'as insufificient for microscopic study If a diagnosis cannot be 
established by aspiration biopsy, incisional biopsy wall necessarily have to be 
done since no therapeutic regimen should be decided on without a definite 
anatomic diagnosis 

Of all previously reported cases in the literature, we could find only two 
where the diagnosis w'as made by aspiration biopsy (Micotti,*’® Richards, and 
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King'®) If the technic of aspirating tissue foi histological examination as 
described by Mai tin and Ellis®® is followed and a competent tumoi pathologist 
familial with this material is available, aspiration biopsy should leveal the 
correct diagnosis in a high peicentage of cases of chordoma, thus sparing the 
patient an incisional biopsy which may be followed by infection, ulceration or 
fungation 



Fig 8 — A K (Case i) Lateral stereoscopic view 
illustrating bone destruction, one of the characteristic roent- 
genographic features of sacrococcygeal chordoma 


TREATMENT 

It seems to be generally accepted by most authors that surgical treatment 
should be employed wherever possible and a survey of previously reported 
cases indicates that only in rare instances are sacrococcygeal chordomas even 
moderately radiosensitive Since no appreciable regression of chordoma is 
obtained with radiation therapy and since complete extirpation of the tumor is 
not possible even when radical surgery is employed, the management of this 
neoplasm is chiefl}’^ a matter of palliation and partial control It is theoret- 
ically possible, however, surgically to excise a small and early chordoma, but 
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this disease has seldom, if e\ei, been obseived in its incipiency The usual 
sequence of events in the tieatment of saciococcygeal chordoma is repeated 
surgical excisions with oi without ladiation theiapy followed by repeated local 
recuirences (6 to i8 months) ovei a peiiod of yeais Machulko and Rochlin''’^ 
desciibed a case of saciococcygeal choidoma wdicie the patient siiivived foi 
i6 years during which peiiod he was subjected to fom suigical pioceduies 
combined with ladiation theiap\ 

Although ladiation theiap\ is of 
little value m most cases, it is leputed 
to be somewhat moie elective m the 
tieatment of choidoma in childien 
Montgomer) and W olman*' * cited 
three cases in childien and m one of 
these satisfactor} regiession was sup- 
posed to ha\e followed a course of 
roentgen radiation Our exjiciiencc 
wnth radiation theiap\ m the tieat- 
ment of sacrococcygeal choidoma is 
that this mode of tlieiapy docs not in- 
duce regression but is of some \alue 
in pain control, especialh dm mg the 
late stages of the disease Repeated 
courses of roentgen ladiation are not 
without dangei, especially in this 
avascular area which is always sub- 
ject to pressure and neciosis Pieop- 
erative radiation theiapy is contiaiu- 
dicated because surgeiy theieaftci is 
likely to be complicated by failine ot 
w'ound healing due to mteifeience with the blood supply of the oveilynng 
soft tissue 

These cases nearly always leach a period when contiol of constant pain is 
the major problem and one difficult to meet A spinothalamic chordotomy 
was employ^ed m two of our cases wntli satisfactoiy lesults (Cases 4 and 5) 
insofar as pain relief w'as concerned More frequent use of this procedure 
before it becomes necessary to administer opiates wall be found to alleviate 
materially the unhappy lot of these patients Chordotomy for chordoma should, 
of course, always be bilateral 

Until an operative technic is developed which envisages complete removal 
of the tumor-bearing segment of the sacium and coccyx, the present unsatis- 
factory results of surgery will probably not be materially improved Such 
radical surgery naturally involves difficulty with regard to bladder and rectal 
control It has occurred to us that these complications might be overcome by 
preliminary permanent colostomy and uretero-enterostomy, yet to propose 
such major and objectionable procedures in the early stages of this disease 
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(when limited extirpation might be successful) may well be considered unduly 
radical by the surgeon and unacceptable to the patient These limitations only 
serve to emphasize the extent of the difficulties presented by this disease 

It IS nevertheless our opinion that surgical excision should be attempted 
whenever a recurrence occurs even though there is little likelihood of complete 
removal Those cases cited in the literature m which there were long term 
survivals were essentially treated by repeated surgical excisions 

PROGNOSIS 

Recurrence following surgical excision generally occurs from six months 
to within a few years, as already stated Since sacral chordomas are charac- 
teristically slow-growing, numerous recurrences will occur over a period of 
many years following repeated excisions with massive invasion of the pelvis 
in the late stages of the disease Occasionally, however, a single surgical 
excision will result in satisfactory control of the disease Fletcher, et 
reported a case of sacrococcygeal chordoma which had survived for seven 
years following operation without recurrence or metastasis One of Seneque 
and Grinda’s®^ patients survived seven years with no evidence of recurrence 
Of 128 cases reported in the literature, regional and peripheral lymph node 
and other metastases occurred in only 15 patients (ii per cent) as shown in 
Table III In more than 50 per cent of the metastatic cases, the most frequent 
sites of metastasis were the regional and peripheral lymph nodes, lungs, liver, 
and skin, respectively The peritoneum, heart, and striated muscles were the 
sites of disseminated disease in two instances Metastasis from sacrococcygeal 
chordoma has also been observed in the spleen, kidney, thyroid and adrenal 
glands, urinary bladder and omentum In striking contrast to the sacrococcy- 
geal chordoma, the spheno-occipital type almost never metastasizes and there 
has been only one such instance cited in the literature Pulmonary metastases 
were demonstrated roentgenographically in one patient (Case 6) in the series 
herein reported 

Eiro~RESTILTS 

One of our patients (Case 5) has been treated by surgery alone and was 
free of disease for three years, after which he developed local recurrence This 
patient had subsequently been submitted to a partial removal of the recurrent 
disease combined w ith a bilateral chordotomy and at the present is living com- 
fortably four years after his first admission In two other cases (Case i and 
7) surgery was combined with loentgen therapy, one of the patients expired 
16 months later of leukemia at which time there was no clinical evidence of 
either recurrent or metastatic disease The other patient (Case i) has lived, 
with recurrent disease, for five years Radiation therapy alone was adminis- 
tered in four of our cases because the neoplastic process was either too far 
advanced or the patient’s general condition was unsuitable for surgical treat- 
ment Of these patients only two (Cases 3 and 4) are alive at present (five 
and four years, respectively) with recurrent disease The other two patients 
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(Cases 2 and 6) have died of advanced lecuiient disease within approxi- 
mately a }'ear from the date of admission 

These clinical experiences indicate that a cuie cannot be obtained in cases 
of sacrococcygeal choi cloma since the neoplasm does not lend itself to complete 
surgical extirpation and the most that can be hoped foi with our present 
methods is palliation 


CONCLUSIONS 

From a survey of the published lecords of 128 cases of saciococcygeal 
chordoma and of seven hitherto unpublished cases fiom the Memoiial Hospital 
the follow’ing conclusions are draw n . 

1 The condition f 01 Innately is raie 

2 It occurs more fi equentl) in males and appears chiefl}^ in the age groups 
of from 40 to 60 

3 Aspiration biops\ is a useful and reliable method of establishing the 
diagnosis histologicalh 

4 Though generall) considered to be benign by many authois, sacral 
chordoma metastasizes in appioximately 10 per cent of cases and causes the 
death of the patient eithei diiectly 01 indirectly in neaily all instances 

5 It is of long duration, slow gi owing, yields but little to intensive roent- 
gen therapy and is not amenable to complete suigical removal owung to its 
inaccessibility and extensive involvement of the pelvic oigans and spinal cord 
Local recurrence following smgical excision is a constant feature. 

6 Pam IS tlie most serious symptom, especially when the disease is ad- 
vanced, and is difficult to control Choidotomy seems to oflei the best measure 
of relief and should be employed more fiequently 

7 Satisfactory methods of treatment have not as yet been developed A 
method allowung more radical surgical extirpation is needed A radical 
surgical program adequate to encompass sacrococcygeal chordoma in the 
average case w ould involve immediate loss of bladder and rectal control Pre- 
liminary colostomy and uretero-entei ostomy are diastic measures which the 
surgeon is loathe to apply foi a slow-growung and relatively low-grade 
malignant tumor 

8 The difficulties m the management of saciococcygeal chordoma have 
been presented 
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PLASMA SILK SUTUREIOF NERVES 
James E Bateman, M D , F R C S (C) 

TonoKTo, Canada 

FROM THE DIVISION OF ORTHOPA.EDIC SURGFRY DEPARTMENT OF VETERANS AFFAIRS 
CHRISTIE STREET HOSPITAL TORONTO ONTARIO 

Surgeons closely concerned with the repair of injured nerves con- 
stantly strive to improve the technic of suture No matter how many sutures 
have been done, the operator always feels that his last one could have been 
just a little better Accuracy of alignment, adjustment of tension, control of 
rotation, atraumatic technic are criteria of good peripheral nerve surgery and 
constant challenges to the attainment of peifection Of the technical sugges- 
tions for improvement which have appeared, that which comes closest to the 
ideal IS some type of adhesive or glue neurorrhaphy 

DEVELOPMENT OF THE GLUE TECHNIC 

There have been many attempts to introduce such a method dating back 
to Lotheissen in 1901 who used gelatin as the adhesive Seddon and Asso- 
ciates made a most promising contribution during World War II in introduc- 
ing the use of cockrel plasma fortified by tissue extract This technic was not 
generally recommended because of undesirable foreign body reaction initiated 
by heterogeneous plasma and because of technical difficulties in application 
It was further felt that the method of glue suture had no place where sig- 
nificant tension vas present at the suture line The introduction by Tarlov 
and Associates of autogenous plasma as an adhesive using a removable rubber 
mould placed the method on a more practical basis The used of adhesive 
alone was still not feasible under even moderate tension Spurling then sug- 
gested the use of tantalum sutures to support the clot Experimental investi- 
gation of the method at this center resulted in our modifying the method of 
plasma preparation and replacing tantalum with silk This plasma silk 
method has now been used m some 350 human nerve sutui es The views and 
conclusions in the ensuing discussion are based on the experimental and 
clinical application of the method 

DESCRIPTION OF PLASMA SILK METHOD 

(i) Piepmahon oj Plasma Plasma suitable as an adhesive may be easily 
obtained from whole blood The method suggested by Tarlov was investigated 
experimentally before application to human cases An adequate yield of plasma 
IS produced by centrifuging blood in sterile paraffin-lined iced test tubes with- 
out using an anticoagulant Examination of early experimental sutures using 
plasma prepared by this method showed a foreign body reaction about fine 
granule-hke areas m the plasma Tlie particles initiating this reaction were 
identified as flecks of paraffin, separated in the centrifuging process and which 
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Tauii: I — Sdk 

Siifurcs 



♦ 

Nerve 

No 

Motor 
Rcco cr\ 

sensorj 
Rccov cry 

Motor and 
Sensory 
Recovery 

Some or 

Partial Recovery 


Ulnar 

11 

4 

7 

4 

7=64% 


Radial 

7 

4 

5 

4 

5=71% 


Median 

s 

1 

2 

1 

3=60% 


Sciatic 

10 

7 

2 

2 

0 

1! 


Peroneal 

9 

3 

3 

3 

3=33>^% 


Total 

42 

19 

19 

14 

25 


Percentage 


43% 

43% 

33% 

59% 


TAjiin II — Plasma StIL Sttiutes 
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8 

8=44% 

11 



of 
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19 
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10 

12 

10=67% 

12=75% 

Total 
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113 

107 

82 

127 

Percentage 



80% 

76% 

62% 

86% 


become suspended m the plasma fi action When the paraffin was removed 
from the technic, this reaction disappeared In practice, 30 cc’s of blood 
are withdrawit from the patient into a sterile test tube after operation is 
started This is centiifuged 111 ice-lined containers foi three minutes at 2500 
revolutions per minute Some adjustment of time and speed of the centrifuge 
may be necessary because of variability in apparatus When this is done, a 
standard yield is obtained The plasma is kept in ice until needed and removed 
by a sterile pipette for application about the suture line Proper cooling is 
the most important consideration in producing plasma without an anticoagu- 
lant, if attention is paid to this detail, the plasma will remain fluid and usable 
for 2-3 hours Beyond this time, the tensile strength of the clot is diminished 
although the plasma may still be fluid 

(2) Afpi oxwiatwn of Neive Ends Effioits have been made to completely 
avoid using any suture material but this has not been practical Experimen- 
tally, sciatic nerves of dogs were united under moderate tension using a pull 
out suture after the fashion of Bunnell foi tendon sutures which was removed 
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Fig I — Insertion of the parallel stay sutures 


after an autogenous clot was applied Examination 
at the end of 48 hours showed the nerve ends to 
be completely separated If an adhesive is to be 
used, it should be regarded rather as a supporting 
mechanism with tension largely controlled by a 
small number of sutures In practice, it has been 
possible to reduce the number of sutures necessary 
to two of the perineural stay type when a clot is 
used m addition 

The sutures are inserted about inch from 
the prepared nerve ends and dip into the peri- 
neurium but not into subjacent fasciculi They are 
applied one on each side of the trunk in parallel 
fashion (Fig 1) The knots are tightened grad- 
ually so that the desired approximation and ad- 
justment IS obtained This enables minute correc- 

moS Not7 S^Jonge of *0 apposed surfaces 

rubber cuff at the ends ( 3 ) Application of Clot The removable rub- 

ber mould or cup as suggested by Tarlov^ has 
simplified this step considerablv In addition to this a combined mould and 
spoon with a cuff as illustrated has also (Fig 2) been useful After the 
stay sutures have been inserted, the cup is fixed in place and a final minute 
adjustment of the nerve faces is done through the opening provided Bleed- 
ing from nen'^e ends must be controlled before the clot is applied In 
this connection the rubber cuff serves as a hemostat as well as prevent- 
ing leakage of the plasma The cool plasma is removed in a sterile pipette 
or eye dropper, v armed gently by hot saline sponges and dropped into 
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Fig 3 — Application of plasma silk method to branch lesions and notch 

defects 
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the cup The container is filled to the top and the plasma is allowed to clot A 
satisfactory clot is obtained in 3-7 minutes, retraction (Fig 4) is encouraged 
by gently separating the plasma from the edges of the cup When firm, the 
clot IS separated and the container gently removed 

COMPARATIVE CLmiCAL RESXJI/rS FOLLOWING SILK AND PLASALA SILK METHODS 

In this study, a control series of routine silk sutures has been done and is 
compared with a series by the plasma silk technic so that some definite con- 
clusions may be reached There are many difficulties in setting up comparable 
groups of this nature for study A most desirable common denominator is 



Fig s — (A) Humin plasma suture three months after operation SL suture line 

(B) Human plasma suture four months after operation 

(C) Human plasma suture six months after operation 


that all the sutures be done b}’- the same operator This has been accomplished 
in this series A completely analogous series would entail sutures at the same 
level, on the same nerve, m the same patient on opposite sides, which obviously 
IS not possible Sutures comparable as to site, length of time following injury, 
length of gap, severity of injury, etc , haA^e been reviewed The figures pre- 
sented comprise a portion only of the total number of operations They include 
those cases in which recovery m part could be reasonabty expected, estimating 
regeneration at the rate of i inch per month from the level of nerA^e union 
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The silk sutures have been assessed at a longer interval following operation 
than has been the case witli the glue sutuies The treatment apart from the 
method of nerve sutuie has been the same in all cases The postoperative 
routine included monthly changes of plastei until the extremity was straight 
Electrical stimulation vas initiated thiough plastei as soon as the operative 
wound was healed and was continued as far as possible until voluntary power 
returned The assessment of lecovery in this series has been on motor and 
sensor} return only When e\en a caiefully elicited Tinel test is done, appar- 
ent progress can be denionstiated m all cases It is felt that an}' evaluation of 
results based on Tinel’s sign alone is not reliable Electi oni} ographic studies 
of progress hare also been done but foi the piesent purposes of comparison, 
e\en this evidence has not been documented as definite recovery The return 
of voluntar} pow ei has been i egai ded as the most reliable evidence of nerve 
regeneration but appreciation and accurate localization of touch, pinch and pin 
prick in tlie zone of autonomous supply have also been intei preted as recovery 

RESULTS 

The following tables show' in summary figures comparing plain silk and 
plasma silk technics 

ANALYSIS OF RESULTS 

1 Dtscusswn oj Coinpaiafwe Ftgwes The figures presented do not con- 
stitute a laige enough series to be consideied statistically Recovery, both 
partial and complete has been superior in all gioups sutured by the plasma 
silk technic The diflerence is significant in all nerves but is most striking in 
the peroneal nerve and least in the case of the sciatic 

2 Fmihei Discussion (a) Limitations The complete plasma silk routine 
could not be applied in all instances Sutures m certain inaccessible regions 
made application of the cup aw kw'ard For example, in tight sutures of the 
radial nen e at the elbow , acute flexion of forearm makes the insertion of the 
container difficult and pooling of the plasma only may be done Despite exten- 
sive exposure and mobilization, some injuries w'ere still encountered in which 
severe tension w'as present These gaps sometimes need central transfixion 
sutures and multiple rim sutures as w'ell so that any contribution by the plasma 
IS at a minimum How'ever, impi oved conti ol of infection and early secondary 
closure of wounds has decreased the incidence of irreparable gaps, paving the 
way for wider use of a meticulously accurate method 

3 Advantages oj Plasma Silk Method The explanation for the superiority 
of the combined technic is apparent in technical advances rather than in any 
magic contribution by the plasma to the process of regeneration 

(a) Control of Nerve Ends The placing of the cut surfaces so that they 
face each other squarely without distortion is a delicate and fussy maneuver 
In the classical method of multiple rim stitches, each new bite may sink to a 
different level, altering the control and direction of the preceding stitch The 
parallel stay sutures provide a pivot affording minute correction and final 
adjustment of the ends before being solidified by the clot 
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Tension Adjustment An equally difficult and fiequently abandoned 
task IS that of obtaining just the right amount of tension at the sutuie line As 
each new suture is inserted, the fine adjustment is distuibed in tightening the 
knots A further variable occurs since no two will be fixed ivith exactly the 
same tension The usual land mark m multiple stitch insertion is the retracted 
epmeurium The edge may present at a diff ei ent level at various points of the 
circumference so that it is an unreliable land mark Unequal tension resulting 
from multiple sutures favouis entanglement and buckling together of nerve 
bundles In ends tightly apposed, compiession mseits the pioximal bundles 
between the distal tubes instead of leaving them m a relaxed facing position 
As regeneration proceeds, angulation and confusion is increased, stifling 
smooth flow across the gap 

(c) Suture Material Selection of the most desirable suture material 
involves several considerations The structure of the substance controls the 
foreign body tissue reaction but an equally important consideration is the 
amount of that substance needed for a secure union No advantage is gained 
in using a fine inert thread if double the amount is needed for the suture The 
consistency of the suture material has a bearing on the security of the knot 
which IS produced The uneven surface of silk and similar substances has a 
resistance or friction which favouis a secure grip in tying Material such as 
wire on the other hand lacks this property and the smoothness of the surface 
contributes to a less secure knot Adjustment of tension with silk has a certain 
resistance easily gauged and controlled Metallic or allied material may give 
way suddenly or partially crack as the tension is adjusted For these reasons, 
fine ophthalmic silk has been more leliable in our hands than tantalum 

(d) Method of Introducing Suture Material The method of introducing 
suture material is an obvious controlling factor which has been frequently over- 
looked If multiple sutures are necessary, each new insertion or peiforation 
IS a traumatizing episode damaging nerve bundles and initiating bleeding 
This constitutes a further reason for using as few sutures as possible Trauma 
to the nerve ends is controlled by the mechanism of insertion as well as by the 
fineness of the suture material To obtain advantage fiom fine suture material, 
the needle carrying it should be as small as the material itself In addition to 
damage produced by needle and thread, simplicity of application is also a 
factor Less control is possible when tying invisible sutures This increased 
handling of nerve trunks produces more damage than when a slightly largei 
more visible material is used It has seemed best to leplace as many sutures as 
possible by a properly applied autogenous glue 

(e) Protection of Suture Line Some form of insulation of the vital union 
tissue has long been felt to be of value This was based on a desire to prevent 
infection extending into nerve ends and later causing strangling intraneural 
fibrosis Advances in the control of infection no longer make this the mam 
purpose of insulation, but some important considerations remain Chief 
among these is some mechanism of immobilization at the suture line favouring 
the progress of axoplasm across the gap in oriented stream lines A protec- 
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tive covering also minimizes extianeous stiess oi traction at the suture line 
and pi events creeping enci oachment o{ fibiosis fiom adjacent stiuctures An 
autogenous plasma clot provides an immobilizing cuff wbicli fulfills most of 
these desiderata It selves as a fuithei protection against irritation set up by 
silk or other foreign material necessary in the neuiorrhaphy 

CONCLUSIONS 

I. Plasma silk sutuie of peiipheral nerves has proved practical in over 350 
cases The modified technic has made possible most advantages of an adhe- 
sive method. 

2 Superior results have been obtained m all nerves with the most striking 
improvement occui ring m the peroneal 

3 Improved pnmar}^ treatment of wounds and early neurorrhaphy has 
allowed more extensive use than was oiigmally felt possible Some limitations 
in Its use remain m awk\N ard situations and in sutures under excessive tension 

4 The method outlined is simple and no complications have resulted The 
moderate tension encountered in lepainng nerves m gunshot wounds has been 
effectively controlled by few sutuies supported by a clot 

5 Apart from its value in routine suture, special advantages have been 
found m applying the method to notch defects, branch lesions and small nei ves 

6 The series may not be considered statistically significant but it demon- 
strates the possibilities of a trend towards sutureless re-union of nerve tissue 

7 The improved technical management afforded by the method enables 
precision accuracy. Following meticulous attention to the minatiae of each 
step m the suture process, more orderly regeneration may reasonably be 
expected 

The author is indebted to Dr I M Tarlov for the generous experimental demon- 
stration of his technic Further appreciation is expressed to Dr R I Hams, Dr K G 
McKenzie, Dr G M Dale and Dr E A Linell, for their interest and guidance in the 
whole experimental and clinical program 
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Adequate exposure is essential in any operation in the anterior superior 
mediastinum if damage to important blood vessels and nerves is to be avoided 
The necessity for perfectly ample exposure is particularly important when 
operation is performed for an aneurysm or arteriovenous fistula of the 
mediastinal vessels Almost every conceivable t3’^pe of operative approach has 
been employed since Valentine Mott first ligated the innominate artery in 
i8i8 m an effort to cure a traumatic subclavian aneurysm ^ 

In Greenough’s excellent review of operations upon the innominate 
artery^ the fact is brought out that safety can only be achieved by adequate 
resection of the overlying bonj framework In only 37 of the 91 cases of 
innominate ligation or attempted ligation was resection or osteotomy of the 
overlying bones performed, and it was apparent that inadequate exposure was 
the primary factor m a number of fatalities An idea of the multiplicity of 
incisions is obtained from his study In ii cases a portion of a clavicle and 
of the manubrium was resected, while m 1 1 others only a part of the clavicle 
was excised, combined m one case with partial excision of the first costal 
cartilage In the remainder, such procedures were carried out as sterno- 
clavicular disarticulation, mid-line splitting of the sternum, partial excision of 
the manubrium, clavicle and first rib, and resection of the manubrium with or 
without excision of the first two costal cartilages 

The type of operation m which exposure is accomplished by resection of 
bone IS illustrated by the operation of Bardenheuer^ m which the inner part 
of one clavicle and first rib are removed, the manubrium is sectioned trans- 
versely about an inch below its superior border, following which the opposite 
clavicle, first and second ribs are divided and the freed manubrium is excised 
Various modifications of this operation have been used Similar exposure is 
obtained by the osteoplastic operation of Kocher,^ a procedure quite similar to 
that which had been advanced by Giordano and Auvray The manubrium is 
reflected as a flap attached to the costal cartilages on one side after division 
or disarticulation of the clavicles, the first and second costal cartilages on one 
side, and transection of the sternum at the level of the second interspace The 
exposure of Sauerbruch® has been widely used for certain mediastinal explora- 
tions and occasionally for vascular operations It involves splitting of the 
sternum longitudinally down to the level of the third interspace and cutting 
it across into the third interspace 

Each case must be considered as an individual problem and an effort must 
* Aided by a grant from the Office of Naval Research, the United States Navy 
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be made to choose the ideal opeiative appioach The best type of incision fot 
one IS not iiecessaiily the best for anothei case Indeed the wide utility of 
different appioaches is exemplified by the last thiee reported cases of innom- 
inate aiieuusms and ai tei lovenous fistulas Elkin® resected the inner half of 
the clavicle, the second costal cartilage and inner poition of rib, divided the 
manubiium and excised a poition of the light half of it Trent’^ used a trans- 
pleural appioach aftei lesection of the second iib and caitilage and division of 
the thud Lmdskog^ excised the pioximal poition of the second costal caiti- 
lage, rongeuied paitly acioss the sternum at this level, split the manubiium 
vertically with a Gigii saw intioduced from above, and divided the clavicle 
Though awaie ol the value of vaiious types of appioach to the vessels m 
the supeiior anteiioi mediastinum, I have felt that it might be helpful to 
lecord my expeiieiice with one type of opeiative exposuie wdiich has proved 
exceedingly satisfactoiy m appioachmg aneuiysms and fistulas involving a 
number of diffeient mediastinal vessels I shall include in this piesentation 
biief case lepoits m oider to demonstiate the geneial usefulness of this pio- 
cedure I had oiiginally used, wnth slight modification, the operation of 
Saueibruch m exposing an mnommate aneuiysm (Case 3) The sternum was 
split dow n to the level of the third mtei space and across into both interspaces 
at this level The exposuie of the aicli of the aoita, the pioximal and mid 
portions of the mnommate vessels and the mam aneurysmal mass w^as excel- 
lent However, in spite of wade letraction of the divided steinum, it w'as 
impossible to obtain adequate visualization of the subclavian and carotid 
arteries and the supeiior pole of the aneuiysm wdiich were hidden under the 
upper part of the manubiium and the stei no-clavicular joint I have subse- 
quently exposed several other laige innominate aneuiysms thiough the same 
incision Again excellent visualization of the aneurysm and the oiigin of the 
innominate aitery was obtained but the subclavian and, to a lesser extent, the 
caiotid aiteries w^eie not satisfactoiily visualized In these cases the extreme 
dilatation of the innominate as it came off the aorta precluded, it w^as thought, 
ligation of the artery and treatment was confined to wiring and coagulation 
Because of this experience I have combined splitting of the sternum w'lth 
resection of the inner third of the clavicle Excision rather than transection 
of the clavicle has been performed because of considerations which have been 
piesented elsewdieie This procedure has proved an excellent method for 
obtaining good exposure An incision is made from the mid portion of the 
clavicle down over the sternoclavicular joint to the midlme and is continued 
dowm over the sternum to the level of the third or fourth interspace The 
platysma is divided The inner third of the clavicle is resected subpenosteally 
by disarticulation of the steinal end and division of the other end with a Gigh 
saw The sternal part of the sternocleidomastoid is divided as well as part of 
the clavicular origin of this muscle The sternohyoid and sternothyroid 
muscles are similarly severed near their origin Ordinarily it is necessary to 
divide these muscles only on the side from w^hich the clavicle is removed A 
finger IS gently passed behind the manubrium from above, and it is generally 
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feasible to separate the mannbnum fiom the underlying structures in this man- 
ner Occasionally a blunt dissector has been used cautiously in this dissection, 
but only with the constant guidance of the palpating finger in order to avoid 
trauma to the vessels beneath The anterior periosteum of the sternum is 
incised in the midline and the sternum is split down to the level of the second 
or third interspace The Schumacher sternal shears is ideal for this purpose , 
the Lebsche knife is also satisfactory though m my experience the bone tends 
to split m advance of the knife and not always m the midline Once the 
sternum has been divided for some distance its edges can be letracted with 
bone hooks and one can palpate the undei lying structures more satisfactorily 
and determine whether the sternal transection should be carried out at the 
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Fig I — Illustration of the operative exposure For the sake of simplicity the phrenic 
nerves, the thymus gland, the periosteum of the clavicle, the branches of the subclavian 
vessels and the divided right anterior scalene muscle are not shown 


second or third interspace in order to provide the desired exposure One can 
also free more completely the sternum fiom the tissues beneath The steinum 
IS then divided across into both interspaces at the appropiiate level after 
incising the periosteum across and freeing the outer borders An ordinary rib 
shears can be used for this purpose One now retracts the halves of the ster- 
num widely, pushes the loose areolar tissue and thymus to one side or excises 
them, and brings into view the great vessels A small rib spreader is substi- 
tuted for the bone hooks 

The structures exposed are shoivn m a somewhat simplified semi-dia- 
grammatic form in Figure i The innominate veins and the superior vena 
cava are m view The arch of the aorta, the innominate, subclavian and 
carotid arteries are identified without difficulty The phrenic nerves (which 
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are omitted in the drawing) and the vagi are usually readily seen If it is 
required, the suliclavian arteiy can be dissected out lateially following section 
of the antenoi scalene muscle, caie being exercised to avoid trauma to the 
phrenic. The fiist branches of the subclavian are ordinal ily visible In the 
drawing the sternal origin of the stei nomastoid muscle on the side opposite 
that of the clavicular resection is shown divided , generally this is unnecessary 
The di awing also shows the subclavian and carotid vessels on the side oppo- 
site that of the clavicular lesection visible for a gi eater distance than is 
usually the case In this illustiation the sternum has been tiansected at the 



Fig 2 — ^Wound two weeks after operation (Case 6) The 
contour of the chest is relatively normal 


second interspace although sometimes division must be earned out an inter- 
space lower in order to provide the same exposuie Indeed there is wide 
variation in the position of the mediastinal structures in relation to the ovei- 
lying bony framewoik Occasionally the arch of the aorta is as high as the 
superior border of the manubiium Sometimes the pericardium is barely in 
view At times the superior vena cava is seen to be of considerable length as 
in this drawing, while in other cases the innominate veins appear to join more 
caudally into a short vena cava 

Once the vascular surgery is accomplished, the wound is closed in layers 
The sternum is re-approximated either with wiie sutuies placed through drill 
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holes or by silk sutures m the periosteum The clavicular periosteal bed is 
carefully closed with interrupted silk sutures In some cases the excised 



Fig 3 — Photograph taken 2 months after operation 
showing normal range of shoulder motion (Case 4) 


portion of clavicle has been replaced as bone chips, a procedure which I feel is 
advisable since it hastens bony repair The muscles, fascia and skin are now 
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brought together with silk sutures The skin incision is shown in Figure 2 
and the normal range of shoulder motion after operation in Figure 3 

CASE REPORTS 

Case 1 — The patient was a 35-year-old officer who had been wounded on August 
19, 1944 by a small shell fragment which entered the right infraclavicular area near the 
sternum In addition he received a shell fragment injury of the left thigh which resulted 
m a large avulsed wound He was found to have signs of an arteriovenous fistula and 
was returned to the Zone of the Interior and admitted to the Mayo General Hospital 
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Fig 4 — Condition found at operation in Case i Fistula between internal mammary 
artery and innominate vein The point of ligation and division of the artery and vein 
are indicated 


He was aware of a buzzing, throbbing sensation m the right sternoclavicular area but had 
noted no other symptoms 

Examination revealed a continuous thrill and murmur most prominent just below the 
sternal end of the clavicle The bruit was transmitted down towards the heart, out over 
the course of the subclavian and axillary vessels, and a little less well up into the neck 
The thrill and bruit could not be obliterated by digital compression Blood pressure was 
108/58 There were no circulatory changes in the right upper extremity Electrocardio- 
gram was normal, roentgenograms negative except for the demonstration of a small 
fragment of the metal below the sternoclavicular joint 

On February 16, 1945 exploration was carried out The condition found is shown in 
Figure 4 There was a fistula between the internal mammary artery and the overlying 
innominate vein The shell fragment was imbedded in the posterior wall of the vein, 
which was indurated and scarred in this area The fistula was excised with quadruple 
ligation of the vessels Convalescence was uneventful and the patient has remained well 

Case 2 — The patient was a 24-year-old soldier who had been struck by shell frag- 
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ments on October 20, 1944, receiving penetrating wounds of the left malar region, left 
side of neck, and left supraclavicular fossa The shell blast caused temporary loss of 
consciousness and loss of hearing in the left ear He became hoarse shortly after injury 
He was found to have a fracture of the maxilla which was reduced through a Caldwell- 
Luc approach, and a massive hemothorax which was treated by thoracentesis Hearing 
began to improve but a distressing tinnitus persisted He developed a throbbing, aching 
pain in the left arm and subsequently a persistent left ulnar hypesthesia The hoarseness 
persisted A decortication of the left lung was performed and he was admitted to the 
Mayo General Hospital on March g, 1945, with a diagnosis of left carotid aneurysm He 
complained of abnormal pulsation in the left side of the neck, throbbing pain in the left 
arm, numbness in left ulnar area, tinnitus in the left ear, watering of the left eye, and 
hoarseness 
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Fig S — Condition found at operation in Case 2 Subclavian aneurysm The points of 

ligation of the arteries are indicated 


Examination showed a pulsating mass at the base of the left side of the neck without 
thrill but with a loud systolic bruit Digital compression caused cessation of the bruit 
Pressure o\ei the inner part of the mass interrupted carotid pulsation and reduced the 
radial pulse, pressure over the outer part obliterated the brachial pulse Blood pressure 
was 116/70 There was no circulatory disturbance of the left upper extremity There 
was left ulnar hypesthesia, left recurrent laryngeal paralysis, and bilateral nerve-type 
deafness Electrocardiograms were normal and roentgenograms not informative There 
was evidence of good collateral circulation during the reactive hyperemia test with the 
left subclar lan occluded He stood prolonged left carotid compression without symptoms 
After a furlough and repeated digital occlusion of the carotid artery the patient was 
operated upon on May 4, with a diagnosis of traumatic aneurysm of the subclavian or 
common carotid artery The condition found is illustrated in Figure 5 The left vagus 
nerve was stretched out over the large aneurysm, thinned but otherwise apparently 
uninjured The carotid was uninvolved The first portion of the subclavian was isolated 
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mesial to and underneath the sac and a tape placed about it The subclavian was isolated 
distal to the sac The %essel was dissected back towards the involved area beneath the 
aneurj'sm l^'^hen the artery was then occluded proximally and distally, the sac ceased to 
pulsate, It continued to fill rapidly, however, with bright arterial blood, as demonstrated 
by needle aspiration It was now evident that the vertebral artery opened into the sac 
and it was feared that simple proximal and distal ligation of the subclavian would not 
effect a cure Since the i ertebral artery was inaccessible because of the overlying sac and 
adjacent scarring, the sac was carefully freed back to its mouth during temporary 
occlusion of the subclavian on either side, following which the sac was opened widely 
Back bleeding was prevented by digital pressure while the subclavian was ligated just 
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Fig 6 — Gmdition found at operation m Case 3 Innominate aneurysm The sub- 
clavian and carotid arteries were dnided between ligatures and the sac was opened and 
emptied of its thrombus 


proximally and distally and the vertebral was dissected free and ligated The sac was 
then resected subtotally The overlying innominate, subclavian and internal jugular veins 
had been ligated and divided 

The patient withstood the procedure well but remained drowsy after operation 
There was no paralysis of the extremities About 8 hours later he complained of severe 
headache, — became stuporous, then comatose, and died about 22 hours after operation 
Autopsy revealed extensive encephalomalacia of the left cerebellum The circle of Wilhs 
was normal and there was no thrombosis of the left vertebral No embolus was 
demonstrated 

Case 3 — ^This case is reported in detail elsewhere The patient was a 25-year-old 
soldier with a traumatic innominate aneurj'sm Exploration was carried out 7 months 
after injurj'- Partial proximal ligation wuth a fascial band and cellophane was performed 
rather than complete ligation because marked ischemia of the hand was noted 
temporary occlusion of the innominate arterj The reduction m oscillometr}'- v.Kch do'- 
lowed was only temporary A dorsal s> mpathectomy was carried out 3 weeks 
and the mediastinum was explored again 3j4 months after the original operation. 
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ligation of the innominate, subclavian, and internal jugular veins and resection of the 
intervening segment, the innominate artery was ligated proximally, the subclavian and 
carotid arteries were divided between ligatures distally, and the sac was opened and 
evacuated of its thrombus (Fig 6) Convalescence was uneventful and the patient has 
remained well, except for slight general weakness and a little fatigueability of the 
right hand 

Case 4 — ^The patient was a 27-year-oId soldier who had received multiple injuries 
from shell fragments on January 28, 1945 He was wounded in the right thigh, the left 
buttock, the back, and the posterior aspect of his neck After a time he was evacuated 
to the Zone of the Interior and admitted to the Mayo General Hospital with a diagnosis 
of right subclavian arteriovenous fistula On admission he complained of a buzzing sen- 
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Fig 7 — Condition found at operation in Case 4 Fistula between subclavian artery 
and innominate vein The points of ligation or ligation and division of the various 
arteries and veins are shown 


sation m the right steinoclavicular area, numbness in the right ulnar distribution and 
hyperhidrosis of the right hand 

There was a continuous thrill centered over the sternoclavicular area and a con- 
tinuous bruit so loud that it masked all respiratory sounds in the chest The bruit and 
thrill could not be obliterated by digital compression There was excessive sweating and 
slightly diminished temperature of the right hand, and slight reduction in oscillometry 
and blood pressure in the right upper extremity as compared with the left Blood pres- 
sure was 142/76 Electrocardiogram was normal and roentgenogram not remarkable 
except for a metallic foreign bodj' under the sternal end of the right clavicle It was 
thought that the patient had an arteriovenous fistula involving the first portion of the 
subclavian vessels 

Exploration was carried out on June 13 The condition found is illustrated in Figure 
7 The fistula existed between the origin of the subclavian artery and the innominate 1 ein 
just where it receued the internal jugular and ti\o subclaMan leins A large anomalous 
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vein emptied proximally into the vena cai'a It was possible to ligate the S veins involved, 
the subclavian arterj' just as it emerged from the innominate and just distal to the 
fistula, and the vertebral and internal mammary arteries which originated in proximity 
to the fistulous opening The veins as well as the distal subclavian artery were divided 
between transfixing ligatures and a part of the venous sac was excised 

Convalescence was smooth and excellent circulation was maintained in the right 

upper extremity 



Fig 8 — Condition found at operation in Case 6 Arteriovenous and saccular 
aneurysm of subclavian artery and innominate vein 


Case 5 — ^The patient was a 24-year-old soldier who on January 24, 1945, received 
shell fragment wounds of the abdomen, chest, hands, right forearm, arm and leg The 
wounds were debrided, an exploratory laparotomy was performed, and numerous thoracen- 
teses were done for bilateral hemothorax He arrived at the Mayo General Hospital on 
May 21, 1945, with a diagnosis of arteriovenous fistula 

There was a continuous murmur audible over the upper anterior chest and maximal 
over the right border of the sternum at the level of the second interspace No thrill was 
palpable There were no circulatory disturbances of the extremities Blood pressure 
was 124/60 Electrocardiogram was normal Roentgenograms of the chest revealed a 
mass in the anterior superior mediastinum The impression was that the patient had an 
arteriovenous and saccular aneurysm probably involving the innominate vessels 

He stood carotid compression without symptoms It was impossible to close the 
fistula by compression and hence to test the collateral circulation to the right upper 
extremity A dorsal sympathectomj' was performed on July 5 

Mediastinal exploration was earned out on September 17 The upper portion of the 
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mediastinum was filled with a firm, pulsating aneurysmal mass about 7 by 6 cm in size, 
associated with a continuous thrill The carotid and subclavian arteries and the internal 
jugular veins could be identified at the upper pole of the mass on either side, they seemed 
to emerge from the aneurysm itself The superior vena cava was free proximally but it 
disappeared into the mass about 2 cm from its cardiac end The superior border of the 
arch of the aorta was fused with and partly buried beneath the mass The innominate 
vessels were not visible It was felt that the arteriovenous and saccular aneurysm 
involved the innominate vessels, the origins of both carotid and subclavian arteries, as 
well as the terminal portions of the internal jugular veins, the superior vena cava, 
and possibly the arch of the aorta Surgical extirpation appeared to be impossible The 
wound was closed in the usual manner 

Convalescence was uncomplicated He has remained in fairly good health and is able 
to do light work on a farm 

Case 6 — The patient was a 24-}’ear-old soldier who had been injured in the left 
thigh, leg, arm and scapular area by shell fragments on December 10, 1944 Wounds 
were debrided and the left upper and lower extremities were placed in plaster casts 
The femoral fracture progressed satisfactorily but osteomyelitis of the tibia and fibula at 
the site of the compound fracture was present upon admission to the Mayo General 
Hospital m May An arteriovenaus fistula in the left sterno-clavicular region had been 
recognized shortly after injury .here were no complaints referable to the fistula There 
was weakness of the left upper extremity and an ulnar paralysis 

There was a continuous thrill and a loud continuous bruit over the left anterior 
chest wall and the left side of the neck, most prominent in the sterno-clavicular area 
Neither bruit nor thrill could be obliterated by digital compression The left fingers 
were cooler than the right and pulses and oscillometric readings were much reduced in 
the left upper extremity as compared with the right After a period of treatment on the 
orthopedic service, and left ulnar neurorrhaphy, the patient was returned to the vascular 
service on August 22 Because of the evidence of reduced circulation in the left upper 
extremity and the impossibility of testing the collateral circulation, a dorsal sympathec- 
tomy was performed on August 30 

On September 18 mediastinal exploration was undertaken with a preoperative diag- 
nosis of arteriovenous fistula of the proximal portion of the subclavian vessels The 
condition found is illustrated in Figure 8 There was a fistula between the subclavian 
artery just distal to the vertebral branch and the innominate vein near its distal end The 
vessels were isolated proximally and distally and the fistula was dissected free and trans- 
fixed It was then discovered that there was in addition a saccular aneurysm arising from 
the posterior surface of the artery opposite the fistulous opening The artery was badly 
damaged over a considerable distance Consequently the artery was ligated on either side 
of the aneurysm, the innominate, internal jugular, subclavian and internal mammary 
veins were ligated and divided, and the specimen was excised 

Convalescence was uneventful and the patient was returned to the orthopedic service 
for further treatment for the osteomyelitis m the leg 

StTMMABY AND CONCDtTSIONS 

1 In any contemplated excision of an aneurysm or arteriovenous fistula 
it IS essential to isolate the vessels proximal and distal to the lesion before 
directly attacking the lesion itself This necessitates ample exposure 

2 Vascular operations upon the vessels in the anterior superior medias- 
tinum require resection or division and retraction of the overlying bony 
framework 

3 An operative procedure which has given excellent exposure without 
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injury to the underlying structures and which yields a good cosmetic and 
functional result is piesented and is illustiated by several case reports 

4 Although each case must be individualized and the pioper operative 
approach selected, it is believed that the pioceduie outlined will be found 
suitable foi many exploiatioiis m the anteiioi supeiior mediastinum 
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BRONCHIOGENIC CYSTS OF THE MEDIASTINUM 
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A VARIETY or CYSTS occur in the mediastinum and the vast majority are 
congenital in origin® Some arise as a result of developmental aberration of 
the primitive foregut The term bronchiogenic is usually applied to cysts 
arising from the respiratory system, whereas those derived from the digestive 
tract are termed esophageal or gastric There is no sharp line of distinction 
between the bronchiogenic cysts and those arising from the digestive tube 
This paper, nevertheless, will be concerned chiefly with the bronchiogenic 
group The subject of intrathoracic cysts arising from the digestive tract has 
been recently discussed by Schwartz and Williams®® and by Ladd and Scott 
Bronchiogenic cysts of the mediastinum are closely related to aberrant pul- 
monary tissue^^ and congenital intrapulmonary bronchial cysts As some of 
the clinical features as well as the therapeutic problems of bronchiogenic cysts 
of the mediastinum may differ from the intrapulmonary cysts, it seems advis- 
able to consider the former as a separate group The intrapulmonary bronchio- 
genic cysts will not be considered m this paper, as the subject has been pre- 
viously discussed elsewhere®®’ ®® and reviewed by Pugh ®® 

Until recently bronchiogenic cysts of the mediastinum have been consid- 
ered to be rare, but with more frequent roentgenologic examinations of the 
thorax and the widening scope of thoracic surgery, many more cases of this 
type are being observed Although some authors have believed the bronchio- 
genic mediastinal cyst to be usually asymptomatic, an analysis of all the case 
reports, both m the pathologic and surgical literature, suggests that a con- 
siderable number eventually cause symptoms of varying degree Occasionally 
a bronchial cyst of the mediastinum causes death m early life by compression 
of the trachea or mam bronchi 

Bronchiogenic cysts of the mediastinum which do not cause symptoms in 
early life may be found by chance on roentgenographic examination in adult 
life, or may be an incidental finding at autopsy In some instances, however, 
due to the gradual increase in the size of the cyst with resultant pressure on 
adjacent structures, symptoms of varying degree may lead to clinical investi- 
gation and diagnosis During a two-year period (1943-1944) five patients 
with a bronchiogenic cyst of the mediastinum were operated upon by the 
author on the Thoracic Surgical Service of the Memorial Hospital and three 
additional cases have been operated upon elsewhere * The eight cases illustrate 
various features of bronchiogenic mediastinal cysts and some problems in the 
surgical therapy of this lesion In addition to reporting these eight cases, the 
literature of mediastinal cysts is reviewed and the collected cases have been 

analyzed 

Two cases at Lenox Hill Hospital and one case at Kings Countv Hospital 
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ORIGIN OF MEDIASTINAL BRONCHIOGENIC CYSTS 
A brief discussion of the embryolog}’ of the primitive respiratory tract 
may clarify the problems associated with the development of bronchiogenic 
cysts ^ The respiratory tract has a common origin with the esophagus from 
the primitive foregut As a result of the lateral invasion of two septa, the 
foregut is divided into a ventral and a dorsal component These two masses 
of cells eventually are sepaiated from one another and the dorsal component 
forms the esophagus, while the ventral component forms the trachea and 
major bronchi The close embri ological association of the respiratory tract 
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Fig I — Bronchiogenic cyst Appearance of inner aspect after 
evacuation of fluid contents Note the thin wall and the numerous 
trabeculations 


w'lth the primitive foregut indicates the possibility of a close association of 
developmental anomalies of these two structures 

Bronchiogenic cysts result from an abnormal budding or branching of the 
tracheobronchial tree If the continuity wuth the bronchial tree is maintained, 
the cyst is usually intrapulmonary or in intimate association with the lungs 
If the mass of cells becomes separated from the tracheobronchial tree, there 
may be no continuity wuth the bronchial lumen Such cysts gradually increase 
in size because of the distension produced by the secretion within the cavity 
An analysis of the literature reveals a difference of opinion concerning the 
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Fig 2 — A Photomicrograph of wall of bronchiogenic cyst Appear- 
ance similar to wall of a bronchus Ciliated columnar epithelium, mucous 
glands, cartilage, and muscle fibers are present 

B Higher magnification of cyst wall clearly demonstrates the ciliated 
columnar epithelium 






Vbiume 127 CYSTS OF THE MEDIASTINUM 

Number S 

stage in embryonic development at which aberrations occur which result in 
bronchiogenic mediastinal cysts Although the wall of a typical bronchiogenic 
cyst IS composed of structures similar to that of the bronchial wall, m an 
occasional case components of the digestive tract are also found in the same 
cyst wall The latter finding has been advanced as an -argument-m-fawr 
of the contention that the abnormal development begins at an early stage of 
the embryo before the separation of the respiratory tract from the primitive 
foregut Whereas the majority of bronchiogenic cysts are found in relation- 
ship to the trachea or main bronchi, in an occasional instance the cyst may be 
in close association with the esophagus or even the vertebral bodies These 
findings lend support to the contention that in at least some instances the mis- 
placement of cells occurred at a relatively early stage of development 

PATHOLOGY 

Bronchiogenic cysts usually appear as a single spherical cystic mass, but 
the cyst may be lobulated, or occasionally there is a chain of cysts On section 
the cysts are often single, but may be multiloculated or contain several non- 
communicating cavities of varying size The inner aspect is frequently trabec- 
ulated (Fig i ) The cyst wall is usually relatively thin, although there may be 
thicker portions The C3st is lined by ciliated columnar epithelium and the 
i\all contains mucous glands, cartilage, elastic tissue and smooth muscle (Fig 
2 A and B) In some instances the cartilage or mucous glands may be absent 
The uninfected cyst usually contains a thick, white mucoid material Even m 
the absence of infection the c) st contents may be dirty brown^° and sometimes 
closely resembles thick, purulent material The cyst only rarely has any actual 
communication v ith the lumen of the tracheobronchial tree Secondary infec- 
tion may produce an inflammatory process which results m destruction of the 
lining epithelium and may render definite recognition of the bronchiogenic 
origin uncertain, especially if cartilage is not present in the cyst wall The 
cyst may have a definite attachment to a poition of the tracheobronchial tree, 
but in some instances, although it is adjacent to a bronchus, there may be only 
loose areolar tissue between the t\\ o structures Occasionally, a bronchiogenic 
cyst has no apparent connection with the tracheobronchial tree If the bronchio- 
gemc cysts of the mediastinum are segiegated according to their location, cer- 
tain embryologic, pathologic, and clinical features characteristic of each group 
may be noted Bronchiogenic cysts may be arbitrarily divided into the fol- 
lowing groups 

1 Paratracheal 

2 Cannal 

3 Hilar 

4 Paraesophageal 

5 Miscellaneous 

I ParaU ached Gioiip Several instances of a bronchiogenic cyst attached 
to the tracheal nail have been reported A characteristic example of this type 

479 



HERBERT C MAIER 


Annals of Surgerj^ 
^arcb 1948 


of cyst IS illustrated by Case i The cyst is usually attached to the right lateral 
tracheal wall a short distance above the bifurcation of the trachea The site of 
attachment of the cyst is similar to the point of origin of the first lateral 
bronchus of some mammals Moreover, diverticuli of the trachea have been 
reported m this same location ' The evidence suggests that bronchial cysts of 
the trachea occur as a persistence of a structural characteristic of low^er forms 
The embryology of the tracheobronchial tree in the pig has been thoroughly 
studied by Flint He has demonstrated that the lateral bronchial branch 
from the trachea ordinarily occurs only on the right side The instances of 
bronchiogemc cysts m which the cyst had an intimate association with the 
tracheal wall have almost all been on the right side An analysis of these data 
leads to the conclusion that this type of bronchiogemc cyst is explained on the 
basis of the rudimentary development of a first lateral bronchial branch from 
the trachea Blackader and Evans^ reported a paratracheal bronchiogemc 
cyst w^hich compressed, but w^as not attached to, the left side of the trachea, 
and wEich caused the death of a nme-months-old boy 

2 Caiinal Gioiip A number of cases m which the bronchiogemc cyst was 
located near or just beneath the bifurcation of the trachea have been reported 
In some instances there w as a definite strand-like attachment extending to the 
Carina In other cases the attachment w as to one of the larger bronchi, 
whereas m still others the attachment to the bronchial tree w’as not definitely 
demonstrable The frequenc}’’ w'lth which small bronchial cysts occur m the 
subcarmal area suggests the possibility of a relationship wnth other types of 
congenital anomalies The bronchiogemc cysts often have a definite attach- 
ment to the carma In some instances there is also an attachment to the 
anterior esophageal wall, or the cyst may be in the esophageal wall m this 
region The location of these cj sts corresponds closelj'^ w ith the most common 
site of congenital tracheo-esophageal fistula The frequency of embryologic 
aberrations in this region is striking The subcarmal bronchiogemc cysts maj 
w^ell represent a pinching off of a group ot cells m the communicating channel 
betw'een the primitive foregut and tracheobronchial tree The bronchiogemc 
cj^st arising in the carinal area may cause pressure on either the right or left 
mam bronchus, or both If the cyst is large, it may also press on the low'er 
trachea The cyst may be relatively small and still cause considerable com- 
pression of the air passage, due to its rather confined location Most of the 
reports of this type of cyst are to be found in the pathologic literature because 
the diagnosis was unsuspected before death The majority of the patients 
died w ithin the first 3 ear of life, due to pulmonary complications secondary to 
compression of the tracheobronchial tree Although no successful surgical 
removal of a bronchiogemc 03 st in this location m an infant has been 
reported to date, the lesion should be amenable to surgical therapy if the 
correct diagnosis were made In a discussion of the clinical features of this 
group of bronchiogemc cysts, the clinical picture which should suggest the 
possibility of the existence of the lesion will be outlined Whereas some C3'sts 
in the same location, chiefl3'' due to their small size, have been chance findings 
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at autopsy in late adult life, a large percentage of the cases that have been 
published have caused serious, if not fatal lesults fiom secondaiy pulmonary 
complications 

3 Hilm Gioup The majority of bronchiogemc cysts which are diagnosed 
in the later part of childhood or in adult life are located in the hilar area and 
have an attachment to one of the mam or lobar bronchi In some instances 
the attachment to the bionchus is well defined, whereas in other cases only 
connective tissue stiands bind the cyst wall to the bronchus As the cyst 
increases in size, it piojects into the pleural cavity-^ 

Because of its close proximity to the mam bionchus, it may cause com- 
pression of the mam stem or one of the lobar bronchi The secondaiy pul- 
monaiy changes which may occui wall be described under the clinical findings 
A considerable poition of a large cyst may be m close proximity to the peii- 
cardium and the cyst may project between the various hilar structuies of the 
lung In one of my patients there was an anomalous distribution of the hilar 
structures of the right low^ei lobe and the cyst was intimately associated with 
these stmctures and displaced them to a considerable degree In this case there 
w'as an extension of the cyst across the mediastinum almost into the opposite 
lieniithorax 

The bronchial cysts occurring m the hilar area aie embiyologically closely 
related to abeirant pulmonary tissue and anomalous accessory lobes of the 
lung A review of the subject of aberrant intrathoi acic pulmonary tissue has 
been presented by Fnedlander and Gebauer 

Secondary infection of the bronchiogemc cyst may result in considerable 
destruction of the cyst wall, rendering identification difficult Moller-" has 
reported a case of bronchiogemc cyst which ruptured into the tracheobronchial 
tiee with the development of secondary infection The cyst w'^as m an unusual 
location, m that it lay m the anterior mediastinum At operation the com- 
munication betw^een the cavity of the cyst and the bronchial tree could not be 
demonstrated 

4 Pmaesophageal Group Some bronchiogemc cysts may be in close lela- 
tionship with the esophagus and have little or no apparent connection with 
the tracheobronchial tree In some instances the bronchiogemc cyst is meiely 
m close proximity or loosely attached to the w^all of the esophagus In other 
instances, however, the cyst is entirely wuthin the walls of the esophagus and 
bulges into the esophageal lumen, only the mucous membrane of the esophagus 
covering the inner aspect of the cyst wall If an intramural esophageal cyst is 
lined by ciliated columnar epithelium but contains no cartilage within its wall, 
the bronchiogemc origin may be seriously questioned Cysts of this type 
located in the low^er esophagus near the cardia have been reported by 
V Wyss, Zahn,^^ Rau,^'' Tresp,^® and Westenryk^^ Robbins^^ reported a 
bronchiogemc cyst within the w^all of the esophagus which contained cartilage, 
and w'as lined by ciliated columnar epithelium A number of cases have also 
been reported in wffiich a cyst lined by ciliated columnar epithelium was found 
attached to the outer portion of the esophagus In several of these same cases 
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a well-defined double muscle layer was present in the wall of the cyst® In 
one of my cases (Case 2) the cyst extended for a considerable distance paral- 
lel with and to the right of the esophagus There were three separate cyst 
cavities extending from the level of the thoracic inlet down beneath the arch 
of the vena azygos to the level of the pulmonary hilum The paraesophageal 
location of the cyst m this case, as well as the thick double layer of muscle in 
the wall, suggested a re-duplication of the alimentary tract Moreover, no 
cartilage was found in the cyst wall Although the lining of the cyst was 
typical ciliated columnar epithelium suggesting a bronchial origin, the presence 
of ciliated columnar epithelium lining the esophagus at one phase of embryo- 
logical development makes the matter inconclusive 

5 Miscellaneous Gioup Occasionally a bronchiogenic cyst is found in a 
very unusual location Two cases have been reported m which the cyst was 
found within the pericardium Rushy and Sellers^® reported a case of 
bronchiogenic cyst associated with a congenital deficiency of the pericardium 
The patient had symptoms which were attributed to the bronchial cyst This 
was removed at operation which was followed by an uneventful recovery A 
defect m the pericardium was also present m one of my cases (Case 7) The 
bronchiogenic cyst was located anteriorly in close proximity to the site of 
congenital absence of a portion of the upper part of the pericardium Guillery^*^ 
found a cyst lying on the anterior aspect of the thoracic spine and extending 
into the vertebral bodies, together with a smaller cyst of similar type behind 
the vertebral bodies In this case no cilia were demonstrated on the cylindrical 
epithelium which lined the cyst The muscle layers were more suggestive of 
the wall of the digestive tract than that of the respiratory system The infant 
had died at the age of three months The portion of the cyst which projected 
forward from the thoracic vertebrae had caused compression of the bronchi, 
especially on the right side 

Seybold and Claggett®® reported a presternal cyst lined by ciliated, pseudo- 
columnar epithelium, which was located in the subcutaneous tissues at the 
sternal angle The walls were thin and contained mucous glands, cartilage, 
vessels and nerves This cyst bore a striking similarity to a bronchiogenic 
cyst of the mediastinum, and it was considered that the cyst had migrated into 
a presternal position The underlying sternum showed no abnormality 

SYMPTOMATOLOGT 

In the absence of infection, the symptomatology of bronchiogenic cysts 
depends chiefly on the size and location of the mass In some instances there 
are no symptoms referable to the lesion, and the presence of the cyst is only 
demonstrated by a routine roentgenogram of the chest, or is a chance finding 
at autopsy In general, the symptoms presented are those produced by com- 
pression of the tracheobronchial tree In some of the patients in whom a 
bronchiogenic cyst was removed because of the finding of an undiagnosed mass 
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on a roentgenogram, the symptoms were rather vague and not characteristic, 
so that without a follow-up study it is difficult to ascertain whether or not 
the symptoms weie caused by the cyst When secondary infection supervenes, 
the symptoms resemble those of intrathoracic suppuration, particularly those 
of mediastinal or pulmonary abscess Occasionally there is prominence of the 
chest wall in the region of the cyst The symptomatology m special groups 
will now be discussed 

1 Paiaiiacheal Gioiip In the few cases of this type that have been 
reported, no characteristic symptoms have been present One case had pre- 
viously had an empyema on the same side, but at the time of operation ten 
years later no infection was present Due to its location, the cyst may cause 
considerable narrowing of the trachea, as is illustrated in Case i, but the 
compression is usuall}' insufficient to cause serious obstruction 

2 Cannal Gtonp When the bronchiogemc cyst is located just beneath the 
bifurcation of the trachea and causes symptoms in early life, the history may 
indicate some respiratory difficulty at or shortly after birth In other cases 
nothing abnormal is noted until a respiratory infection develops 
The natural tendency is to ascribe the symptoms to the pulmonary infection 
Sometimes without such an evident precipitating factor, difficulty in breathing 
may be noted Clinical and roentgen examination may indicate either obstruc- 
tive emphysema or atelectasis, depending upon the degree of bronchial 
obstruction Wheezing may be present, a croupy cough is sometimes noted 
Varying degrees of dyspnea and cyanosis may develop Progressive respir- 
atory difficulty ensues and frequently results in a fatal outcome'^ Analysis of 
the literature suggests that m those cases in which the subcarmal type of cyst 
causes symptoms in early life, the mortality rate is extremely high 

In some infants noisy breathing or attacks of cyanosis, especially during 
crying, may have been noted since birth At times expiratory stridor is pres- 
ent If the wheezing has been present for a considerable period of time, an 
asthmatic condition may erroneously have been considered the explanation of 
the symptoms Adams and Thornton^ have reported a bronchiogemc cyst in 
this location which first caused symptoms in adult life when secondary infec- 
tion supervened Robbins®^ reported a bronchiogemc cyst m an 1 8-year-old 
male which was located just beneath the carina This cyst measured 8 x 6 cm 
and caused an irritating, non-productive cough apparently due to pressure on 
the mam bronchus Surgical removal was successfully carried out Similar 
cysts have occasionally been chance findings at autopsy m adults 

3 Hilar Group Bronchiogemc cysts arising in the area of the pulmonary 
hilum usually project a varying amount into the pleural space on that side 
These lesions are often asymptomatic, but when symptoms are present, these 
are usually due to compression of a portion of the bronchial tree Dull chest 
pain, dry cough, wheezing and frequent respiratory infections may occur In 
occasional cases, such as in Case 4, moderate bronchial compression over a 
considerable length of time may cause chronic pulmonary infection which 
causes a productive cough This same patient had slight discomfort on swal- 
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loAMng, due to displacement of the esophagus b} the c}st In one of my 
patients there ere no complaints prior to the accidental finding of the bronchio- 
genic C3st on a routine roentgenogram of the chest Following removal of the 
C3 st, hov e\ er, the patient gamed considerable v eight and felt far better than 
he had for man} years Undoubtedly in this case the cyst vas causing 
definite although unrecognized disturbance, probably due to the secondar} 
changes m the lung vhich, ho\\e\er, had failed to cause cough or expec- 
toration 

4 Pa} oesophageal Gioup When the bronchiogemc cyst occurs in close 
relationship vith or vithin the wall of the esophagus there may be s}mptoms 
referable to that organ Some dxsphagia may be noted The s}mptoms are 
similar to those encountered in benign tumors within the wall of the 
esophagus Occasional!} the lumen of the esophagus above the lesion is 
dilated If the c}st is chiefl} outside the wall of the esophagus, the patient ma\ 
be as}mptomatic 

5 Mtscellaiieoiis G}oup In the cases of bi onchiogemc c}st of the medias- 
tinum occurring in miscellaneous locations, the onh characteristic symptom 
complex IS that which occurred in the two cases ot mtrapericardial C}sts 
These patients died suddenh, apparenth owing to pressure on a portion of 
the heart or great i essels 


DIAGNOSIS 

Until the last few } ears a diagnosis of bronchiogemc c} st has rareh been 
made before operation or autops} In some instances the clinical and roent- 
genologic picture presents nothing sufficient!} characteristic to difterentiate 
the lesion from other t}pes of mediastinal tumor There are howe\er, certain 
clinical and roentgenologic features which ma} lead to either a probable or 
e\en in some instances, a definite diagnosis prior to operation 

I Pa}at}acheal Gio}ip As the clinical findings in this group are not char- 
acteristic the roentgen examination would seem to be the sole exidence upon 
which a diagnosis might be made prior to operation Bronchiogemc cysts 
w ould have to be difterentiated from other tumor masses in the upper medias- 
tinum l}ing in close proximit} to the trachea A siibsternal tlnroid a thymic 
tumor an mtrathoracic h}groma a serous c}st and an aneur}sm are the chief 
lesions to be considered in a differential diagnosis A substernal thyroid often 
surrounds the trachea to a greater extent than a tracheal c} st, w hich is usuall} 
located entirel} to the right of the trachea The borders of the mass as seen 
radiographicalh are generally more sharp!} defined in a cyst, as contrasted to 
a soft tissue mass such as a th}roid adenoma Both lesions however, ma} 
show calcification 

A th}mic tumor ma} ha^e a less well defined border on the roentgeno- 
gram, usual!} projects bilaterally from the mediastinum and is located more 
anteriorly The upper limit of a paratracheal cyst will usually be above the 
leAel of the claMcle on the roentgenogram, whereas a th}mic tumor begins 
below the clavicle and extends further downwards 
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Difterentiation of a bronchiogenic cyst attached to the tiachea from an 
intrathoracic hygroma or serous cyst may offer i eal difficulty If aspiration is 
pev formed, thick white oi yellow mucoid material may be obtained from the 
bionchiogemc cyst in contiast to the clear watery fluid in the hygioma oi 
serous cyst 

An aneurysm, paiticulail) of the innominate aiteiy, might give a some- 
w'hat siinilai loentgen appeal ance Angiocaidiogiaphy may definitely establish 
whethei the mass is of vasculai oiigin An aneuiysmal sac filled wuth a lami- 
nated clot, how'evei, wall not be delineated by the opacified blood, and there- 
fore this diagnostic pioceduie does not ahvays give positive infoimation, pai- 
ticulaily if the degree of opacification is somewhat unsatisfactory 

2 Caunal Gioup The diagnosis of the siibcaiinal bionchiogemc cj^sts, 
especially when pioducing symptoms in infants, has appaiently been veiy 
difficult in the past As mentioned in a discussion of the symptomatology, the 
pictuie IS essentiall} that of a biontlnal, oi occasionally low^ei tiacheal, 
obstruction It is usuall) enoneoiisl} assumed that the obstiuction is pio- 
duced by an inflammatoiy piocess within the an passages, wdieieas actually 
the pulmonaiy infection is secondaiy to bionchial compression by the cyst 
from w'lthont A roentgenogi am of the chest mav give no indication of the 
presence of a mediastinal tumoi because the cyst is i datively small and is 
complete!} hidden in the mediastinal densities If the possibility of a cyst 
were borne in mind, an oblique film might be helpful in delineating the medias- 
tinal mass, piovided the supei imposed densities fiom the pulmonaiy infection 
do not cause obscination 

A clue to the tuie natuie of the lesion may be obtained by bi onchoscopic 
observation iii ceitain cases If bi onchoscop) shows no endobronchial lesion 
but external compiession of the lowei tiachea, oi one oi both mam bionchi, 
a mediastinal tumoi of some type must be luled out Othei lesions, howevei, 
may also cause extimsic jiiessure on the lowei trachea Congenital anomalies 
of the large vessels may be associated wath obstiuction to tiachea oi esoph- 
agus, or both Operative mteivention might be advisable in eithei situation 

3 Hilai Gionp Appaiently the most frequent pieopeiative diagnosis in 
patients wath bionchiogemc cyst reported in the hteiatuie has been medias- 
tinal del mold A point wdiich should be of consideiable aid in diffeientiatmg 
these tw^o lesions is that the dei moid tumoi s arise in the antei loi mediastinum, 
whereas the bionchial cysts are moie fiequently located in the posterioi 
mediastinum A few^ dermoid cysts have been lepoited as aiising in the 
posterior mediastinum but on leviewang these cases, most of them aie found 
to be instances of bionchiogemc cysts lathei than mediastinal deimoid In 
some instances bionchiogemc cysts have been confused with neuiogenic 
tumors On the lateral i oentgenogram neuiogemc tumoi s aie seen to be 
located m the costovertebral portion of the thorax, wdiereas the bronchiogenic 
cysts are in the posterior mediastinum antei loi to the vertebral bodies 

Robbins'’- has recently lepoited the roentgenologic findings in several 
cases of bi onchiogenic cysts He points out that bi onchiogemc cv sts may move 
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with respiration and also may change shape with respiration, indicating their 
cystic nature and relationship with the tracheobronchial tree This finding may 
be of aid in differentiating bronchiogemc cysts from certain other mediastinal 
tumors Dermoid cysts have a rather stiff wall and usually do not change 
contour with respiration Included in Robbins’ report are several cysts in 
which the histopathologic findings do not definitely demonstrate the origin of 
the cyst The author included these cases because he thought they may be of 
value m linking the other cases of so-called simple or unclassified cysts of the 
mediastinum into one group Whether these other cases are actually of sim- 
ilar origin to true bronchiogemc cysts cannot be stated at this time In two 
of the cases the cyst was located in the anterior mediastinum m close rela- 
tionship to the pericardium and diaphragm In neither of these cases was the 
cyst wall entirely typical of a bronchiogemc cyst, and the radiologic and 
histologic findings suggested the possible diagnosis of pleural cyst of the type 
discussed by Lambert Also included in the report of Robbins are cases of 
bronchiogemc cysts within the substance of the lung and an intrapulmonary 
cyst-hke lesion secondary to chronic abscess, which are not to be confused 
with the cases considered in the present paper 

Rarely a mediastinal bronchiogemc cyst perforates into the lung, with 
resultant bronchial communication Then the roentgenologic and clinical pic- 
ture simulates either a mediastinal or pulmonary abscess As bronchiogemc 
cysts are closely related to aberrant pulmonary tissue, a cyst-hke cavity lined 
with respiratory epithelium may be formed as a budding from the bronchial 
tree Harrington^® has reported a case in which the azygos lobe consisted of a 
sac similar to the wall of a bronchiogemc cyst There was a small bronchial 
communication with the upper lobe The connection with the tracheobronchial 
tree permitted the partial evacuation of the cyst contents and resulted in the 
presence of a fluid level within the cyst cavity at one roentgenographic exam- 
ination A few other instances of bronchiogemc cyst of the mediastinum with 
a fluid level have been reported, but this finding usually indicates that the 
cyst IS intrapulmonary 

4 Paraesophageal Group A bronchiogemc cyst may be in close asso- 
ciation with the esophagus, or even the cardiac portion of the stomach The 
lesion must be differentiated from solid tumors of the esophageal wall 

A considerable number of cases are on record m which a cyst lined by 
ciliated epithelium has been found within or in close association with the wall 
of the esophagus In the majority of instances no cartilage has been found 
in the cyst wall, and therefore it is questionable whether they should be 
classified with the bronchiogemc group Those cases without cartilage might 
be considered as having resulted from the pinching off of the cells from the 
esophageal wall itself, since the esophagus is lined by ciliated columnar 
epithelium at one time in its embryological development The paraesophageal 
cyst lined by ciliated columnar epithelium should be differentiated from para- 
esophageal cj’’sts which are lined by mucous membrane similar to that of the 
stomach or small intestine Paraesophageal cysts lined by gastric mucosa may 
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secrete pepsin and acid which result m ulceration and even erosion of adjacent 
structures Examination of the contents of the cyst may aid in the differential 
diagnosis of a paraesophageal bronchiogenic cyst fi om a thoracic gastric cyst 
Both types can bear a similar relationship to the esophagus, and it would not 
always seem possible to make a differential diagnosis on the basis of clinical 
and roentgen findings alone An analysis of the literatuie suggests that the 
thoracic gastric cysts are far more likely to lead to symptoms and surgical 
intervention m early life than the paraesophageal bronchiogenic group 
Schwartz and Williams^® collected ten cases from the literature and added two 
of their own Half of the cases of thoiacic gastric cysts caused symptoms or 
death within the fiist year of life, and only tvo of the 12 cases were over four 
years of age at the time of operation or autopsy Probably the gastric mucosa 
secretes more rapidly and leads to more rapid enlargement of the cyst, with 
secondary compiession of the lung The mediastinal cysts of enteric origin 
usually project from the right side of the mediastinum, and although the 
bronchiogenic cysts are also more common on the right side, there is not the 
overwhelming predilection for the right side as is seen with those of enteric 
origin No obvious sex predominance has been noted in either gioup Robbins^^ 
reported a case of a small bronchiogenic cyst which v as located in the wall of 
the esophagus and appeared as an intramural, extramucosal lesion The 
mucosal folds of the esophagus were preserved over the lesion and the mass 
was noted to move up and down with respiration and upward during the act 
of swallowing The motion of the mass was similar to that of the esophagus 
At operation the cyst was removed from the wall of the esophagus, and histo- 
pathologic examination showed respiratory ciliated epithelium, smooth muscle 
and cartilage in the wall of the cyst 

TREATMENT 

In a monograph on mediastinal tumors published m 1940, Heuer and 
Andrus^^ state that they had found in the literature 25 cases of mediastinal 
cysts This group of cases apparently includes both bronchiogenic and eso- 
phageal cysts In 12 instances an operation had been undertaken for possible 
removal of the cyst, but the tumor was excised in only 8 of these cases In 
5 instances the cyst was extirpated at the first operation and in 3 its 
removal followed drainage and marsupialization Operation in the remaining 
4 patients consisted either of drainage of the cyst or its partial removal All 
but one of the reported cases in whom complete removal of the cyst was 
possible recovered, but one of them had a persistent bronchial fistula The 
authors also reported a personal case m which recovery followed excision of 
the cyst During the past few years several reports on the surgical extirpation 
of bronchiogenic mediastinal cysts have appeared The recent increase in 
routine roentgenographic examination has been responsible for the finding of 
a large number of these cases m which the patient was asymptomatic 
Bronchiogenic cysts of the mediastinum were considered rare a few years ago, 
but are known today to be one of the most common tumors of the mediastinum 
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Adams and Thornton^ leported three cases of bronchiogenic c)fst of the 
mediastinum treated successfully by surgery Brown and Robbins® analyzed 
12 cases of mediastinal cyst from the Massachusetts General Hospital In 
6 of the 12 cases the bronchiogenic origin of the cyst may be considered 
definite on the basis of the histologic appearance of the cyst wall, and in one 
additional case the gross findings at operation leave little doubt about the 
diagnosis In the remaining cases the cyst wall contained no definite bronchio- 
genic elements 

It IS often difficult definitely to diagnose the exact nature of a mediastinal 
tumor preoperatively As mediastinal tumors in general should be removed 
if pioper facilities are available and no contraindication exists, a failure to 
make a correct preoperative diagnosis is not necessarily a great disadvantage 
Whereas a considerable number of the bionchiogenic cysts which have been 
reported m the literature caused few if any clinical symptoms, a sufficiently 
large peicentage cause complications, especially secondary respiratory infec- 
tions, to warrant surgical removal Naturally, if the patient’s general condi- 
tion IS such as to increase the hazard of surgical intervention, it may be best 
to merely observe the patient closely if it is considered quite certain that the 
lesion IS a benign cyst 

The author recommends a posterolateial transpleuial approach because 
of the impossibility of ascertaining preoperatively the various attachments of 
the cyst A posterolateral approach permits access to all parts of the pleural 
space and mediastinum It may not be possible to remove the cyst intact If 
the patient has manifested no signs of infection preoperatively, and if the 
findings at operation do not suggest suppuration, opening of the cyst and 
evacuation of its contents in the course of its excision would not seem to be 
hazardous One wonders whether some of the empyemas following the 
opening of a bronchiogenic cyst reported in the older surgical literature may 
not have been due to other causes than opening the cyst ® In three of our 
patients the cyst was opened at operation and there was gross contamination 
of the pleuial space, but no pleural infection ensued In one patient, (Case 4) 

It would have been impossible to remove the cyst intact Before the cyst vas 
opened, it v as felt that complete remm^al might not be possible because of the 
marked extension of the cyst through the posterior mediastinum to the contra- 
lateral side, and because of its close relationship to the pericardium Aftei 
the c} st had been opened and evacuated, with collapse of the walls, it was 
possible to define the limits of the cyst more accuiately, and then remove the 
cyst V all by combined sharp and blunt dissection 

As the c3^sts are on a congenital basis, the possible piesence of othei 
anomalies must be borne in mind In one patient (Case 4), there was an 
anomalous pulinonar}'^ vein to the right low'er lobe wdiich had to be carefully 
dissected from the cyst wall The inferior pulmonary vein w^as many times its 
normal length and encircled the lower bolder of the cyst If this vein had been 
injuied a lobectomy would have had to be performed, in addition to the 
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removal of the cyst Similar anomalies of the vasculai system may be found 
in cases of mtrapulmonary bionchiogemc cysts 

If complete removal of the cyst wall seems hazaidous, it would seem per- 
missible to leave a small portion m situ Adams and Thointon^ have utilized 
silvei mtiate to destro)'’ the lemainmg epithelial lining Incomplete removal 
of a bronchiogenic cyst is not as likely to lead to complications as paitial 
lemoval of gastiic oi deimoid cysts 




Fig 3 — Case i Paratracheal type of bronchiogenic cyst Note 
that upper border of mass does not descend from cervical region 
in manner commonly seen with substernal extension of a thyroid 


In the paratracheal bronchiogenic cyst, injury to the tracheal wall must 
be carefully avoided In our case the cyst had a common wall with the trachea 
over an area of approximately 2 cm wuth a direct continuation of cartilaginous 
rings from the tracheal tvall into the wall of the cyst These small cartilaginous 
fiagments w^ere lemo^ed le\el with the tiacheal w'all, but a vei} small portion 
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of the cyst wall was actually left adherent to the trachea In this instance it 
was not deemed advisable to apply any escharotic to destroy the residual 
lining because of the danger of denuding the cartilage, and the development 
of a chondritis Although there were some recesses in the attachment between 
cyst and trachea, careful probing failed to reveal any continuity with the lumen 
of the trachea 



J 


Fig 4 — Case 2 Bronchiogemc cyst projects laterally above 
right hilar region Considerable scoliosis due to bemivertebrae 
IS present 


In operations for mediastinal tumors it is a great advantage to get com- 
plete early expansion of the lung For this reason all the residual air is 
aspirated from the pleural space through a catheter as soon as the chest wall 
has been rendered air-tight by closure of the muscles of the thoracic wall The 
catheter is then withdrawn as a mattress suture is tied In some instances 
closed drainage for a day or two may be desirable 
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was essentially negative Roentgenograms of the chest m postero-antenor projection 
(Fig 3) showed a shadow of considerable density projecting from the right upper 
mediastinal shadow The shadow began a short distance above the upper margin of the 
clavicle and had a slightly irregular but sharply defined border, and extended down to the 
level of the vena azygos The outer border of the shadow projected laterally several 
centimeters beyond the normal mediastinal density The lateral film show'ed the density 
to occupy the upper posterior mediastinal area There w^as considerable nan owing of 
the tracheal air column, especially from the anterior aspect Roentgenogram of the 
esophagus revealed no abnormality and no compiession by the tumor mass Angiocardio- 
graphic studies showed no obstruction or displacement of the superior vena cava, and 
indicated that the mass w'as not an aneurj'sm Broiichoscopic examination revealed only 



Fic 6 — Case 3 Small bronchiogemc cyst projects from right side 
of mediastinum just below level of inner end of clavicle 


conipi essioii of the tiathea from the right lateral and interim aspect The basal 
metabolic rate was niiiitts id 

Operaftou~ln the upper posterior mediastinal region there was bulging of the 
mediastinal pleura caused bv an underlying tumor mass The mass felt cjstic with areas 
of calcification The mass extended from the level of the thoracic inlet down to and 
slightly behind the vena azygos It extended from the vertebral column to the innominate 
arterj antenorh The tumor mass was loosely adherent to the superior vena cava and 
vena azvgos and also rather closely associated with the vagus nerve The mass, which 
ineisurcd approxnnatelv 10 x 6 cm , was adherent to the right lateral wall of the trachea 
throughout the greater portion of lt^ extent, but was continuous with the tracheal wall 
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for a distance of about i centimeter onlj’’ In this area the trachea and cyst wall had a 
common partition and cartilaginous plaques could be felt extending from the trachea into 
the base of the cyst The wall of the cyst was thin and the cyst contained thick, white, 
non-odorous mucoid material There was no sign of inflammation The right lung 
appeared normal The entire cyst was removed, wnth the exception of the small portion 
which had its wall in common with that of the trachea No sinus into the trachea could 
be demonstrated with the aid of a fine probe Although it w^as realized that the small 
portion left attached to the trachea had an epithelial lining, it was deemed inadvisable to 
apply any caustic because of dangei of necrosis of the cartilage of the tracheal w'all The 
postoperative course w^as uneventful Subsequent roentgenogi ams show'ed tlie tracheal air 



A B 

Fig 7 — Case 4 A Postero-antenor roentgenogram reveals area of density merging 
with right lieart bolder Note infiltration in right low^er lung field 

B Lateial film show's mass in posterior mediastinum 


column to be of normal dimensions Three years after operation the patient was 
asymptomatic 

The surgical specimen consisted of a cystic structure wnth thin w'alls containing 
many irregular pieces of cai tilage Most of the cyst w'all measured only 2 mm m thick- 
ness There were trabeculations in the interior of the cyst (Fig i) Microscopic exam- 
ination revealed that the w'all of the cyst resembled the w'all of a bronchus The cyst was 
lined by ciliated columnar epithelium The wall contained mucous glands, caitilage, 
smooth muscle and elastic fibers (Fig 2) 

Case 2 — M #70313, male, age 23 years Patient had apparently been well until 
three years previously, when he noted marked w'eakness and pallor On examination a 
very severe anemia was found A gastrointestinal senes was done, but no evidence of 
peptic ulceration was discovered A roentgenogram of the chest, how'ever, revealed a 
mass in the right posterior mediastinal area Five blood transfusions w'ere given with 
resultant correction of the anemia Because of the roentgenologic findings, a diagnosis of 
probable lymphosarcoma or Hodgkin’s disease of the mediastinum was made at that 
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time, and the patient received radiation therapy A total of 2,600 roentgens through two 
ports was given without significant change in the size of the tumor mass Neither at 
that time nor in the following three years did the patient complain of any cough, expec- 
toration or chest pain There had been no dyspnea or difficulty on swallowing Curvature 
of the upper thoracic spine had been present since infancy The patient was referred to 
Memorial Hospital in 1943, three years after the mass in the chest was first discovered 
Physical examination revealed a well developed and nourished young male There 
was rather marked scoliosis of the upper thoracic spine Physical examination of the 
heart and lungs was essentially negative Roentgenograms of the chest showed an 
irregular, somewhat rounded mass projecting from the right side of the mediastinum 
(Fig 4) Lateral film showed the mass to be in the posterior mediastinum close to the 
esophagus A barium study revealed no displacement of the esophagus There was 
scoliosis of the upper thoracic spine due to hemivertebrae 

Operation — Located in the posterior mediastinum, beginning at the level of the 7th 
nb and extending upward beneath the arch of the vena azygos to the thoracic inlet, was 



Fro 8 — Case 4 Photomicrograph of cyst- wall shows ciliated columnar 
epithelium, smooth muscle, and mucous glands 


a well encapsulated, lobulated, cystic tumor mass measuring about 10 cm in its greatest 
length The tumor consisted of three apparently separate cystic areas which were 
attached to each other (Fig 5) The cystic tumor was not attached to the trachea, but 
was more closely associated with the right lateral esophageal wall, although there was 
actually no definite attachment to the esophagus The tumor was removed after division 
of the azygos vein The postoperative course was essentially uneventful The patient 
has been well for three years 

The specimen consisted of a cyhndroid-shaped tumor measuring 9 cm in length and 
3 cm in diameter There were two areas of constriction, so that the specimen had the 
appearance of being composed of three separate portions The outer surface showed a 
fairly smooth capsule On section, the mass was seen to consist of three definite, appar- 
ently non-communicating cysts All three cysts were filled with semi-viscid, brownish, 
slightly oily material The lining of the middle cyst and the upper cyst was smooth and 
shinmg, while the lower was finely granular The cyst wall was firm and white, and 
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varied from i mm to i cm m thickness Microscopic examination of the cyst wall 
showed all the component structures of a bronchial wall except cartilage 

Case 3 — L F, #70359, male, age 18 years Two months prior to admission a 
roentgenogram of the chest had shown a small, rounded density projecting from the 
right side of the mediastinum The patient’s only complaint was a slight, dry cough 
which he had had for several years and which he attributed to smoking 

Phj'Sical examination revealed a well developed and nourished young male General 
examination was essentially negative No thoracic abnormality could be detected by 
percussion or auscultation Roentgenogram of the chest revealed a small, rounded shadow 
projecting out from the mediastinal density on the right side opposite the level of the 
arch of the aorta (Fig 6) The lung fields were clear On the lateral film the mass 
could be vaguely outlined in the posterior mediastinum 



A B 

Fig 9 — Case 5 A Postero-anterior roentgenogram reveals mass in upper portion of 
right hilar region Infiltration of the right upper lobe is evident 
B Lateral roentgenogram reveals mass m posterior mediastinum 

Operation — A small multilobular, cystic mass was found just below the vena azygos 
and attached to the right mam bronchus by a small pedicle The cystic mass was ^oosely 
imbedded in the posterior aspect of the right upper lobe, from which it could be separated 
with ease The cyst was grayish-white in appearance and the wall was very thin The 
entire cystic mass was removed without difficulty There was no communication between 
the cyst and the lateral aspect of the right bronchus, to which it was attached The 
patient’s postoperative course was uneventful Patient has been well for three years, 
except for a slight cough 

The specimen consisted of a multilobulated mass 5 x 5 cm Cut section showed the 
cyst to contain fluid which was jellied by previous fixation The cyst was only a few 
millimeters in thickness Microscopic examination of the cyst wall showed the various 
components of a bronchus 

Case 4 — S B , #70577, female, age 33 years This patient complained of increasing 
productive cough of two years’ duration with mucopurulent sputum which was frequently 
blood-tinged Slight dysphagia had been present for six months For two months there 

495 




HERBERT C MAIER 


Aiinals of Surgeri 
March 1948 


had been some pain m the right posterior thoracic region Physical examination revealed 
a fairly well developed and nourished negress who did not appear acutely ill Slight 
exophthalmos was present and the thyroid was sjuiimetrically enlarged and firm There 
was slight tremor of the hands Examination of the lungs revealed some diminution of 
breath sounds at the right base posteriorlj' with occasional rales The heart was slightly 
overactive, but no murmurs were heard Roentgenogram of the chest showed a rounded 
density projecting from the right lower mediastinal shadow continuous with the densitj 
of the right cardiac border There was scattered infiltration in the right lower lung 
field (Fig yA) On a lateral film the mass was seen to he in the posterior mediastinum 
(Fig /B) Barium studies showed the esophagus to be displaced toward the left b\ 
the mass, but there was no obstruction The basal metabolic rate was plus lo It was 
thought that the patient had a bronchiogenic eyst with compression of the bronchial tree 
and secondary pulmonary infection with probable bronchiectasis Bronchoscopy was not 
done preoperatively because of the patient’s refusal following an unsuccessful attempt 
elsewhere It was thought the patient had mild hyperthyroidism, but insufficient to contra- 
indicate the thoracic operation as the primary surgical procedure 



A 


B 


hiG 10 — Case 6 A Roentgenogi am shows double bionchiogenic cjst projecting fiom 

right upper mediastinum 

B Tomograph shows more clearl) the outline of two cists 


Opoatton — Aiascular adhesions were present over the lower lobe A cjstic tumor 
mass occupied the posterioi mediastinal area Considerable difficulty was encountered m 
freeing the cyst from the inferior pulmonary vein which was elongated and closelj 
associated with the wall of the cyst During mobilization of the evst it was ruptured and 
the contents removed by suction and sponge The collapsed cist nail nas then dissected 
free by sharp and blunt dissection The cyst nail varied from i mm to 4 •’'ti m thick- 
ness Microscopic examination reiealed findings typical of a bronchiogenic evst (Fig 8 ) 
Two dais postoperativelj the patient developed auricular fibrillation nhicli was 
treated by digitalization and Lugol’s solution Auricular flutter occurred for a brief 
period It was thought that the cardiac complication was due to a combination of mild 
hj perthj roidism and extensive operatii e manipulation in the region of the auricles The 
cardiac rate became normal nithin a few dajs The patient also had considerable 
cough and expectoration, undoubtedly due to the preoperatne pulmonarj infection The 
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patient was discharged on the i6th postoperative day with the wound well healed A 
thyroidectomy was performed latei During the three years since operation the patient 
has had a productive cough A resection of the bronchiectatic poition of the lung has 
been recommended 

Case 5 -—J L, 73999, male, age 35 years In Maich, 1943, this patient liad a left-sided 
pleurisy A respiratory infection developed m January, 1944, following which he had 
frequent cough with moderate expectoration but no hemoptysis In March, 1944, he had 
dyspnea on exertion A routine chest roentgenogiam, taken at an aimy induction center, 
revealed a mass in the right paramediastinal area Patient was admitted to the hospital in 
May, 1944 Physical examination revealed a somewhat undernourished male who did not 
appear ill Physical examination of the chest was essentially negative Roentgenogram 
showed a right paramediastinal area of density with infiltration in the adjacent lung 



A B 


Fig II — Case 7 A Roentgenogram shows shaiply demarcated mass projecting from 

left hilai region 

B Lateral roentgenogram shows anterior location of cyst 

(Fig 9A) On lateral view the density was found to be m the posterior mediastinum 
(Fig 9B) Theie was another small area of infiltration in the right upper lobe separate 
from the mam mass Fluoroscopy showed no pulsation of the mass Bronchoscopy was 
negative 

Opoaiion — A bronchiogenic cyst of the mediastinum extending into the right upper 
lobe was found Evidence of considerable inflammation was present and there was a 
secondary bronchiectasis of the right upper lobe The cyst and upper lobe were 
removed The postoperative course was essentially uneventful Within seven months 
after operation the patient had gained 30 pounds in weight, so that he weighed more than 
at any previous time Roentgen-ray showed good expansion of the remaining portion 
of the right lung 

Pathologic examination showed the wall of the cyst to be largely replaced by gran- 
ulation tissue, but a respiratory type of epithelium and areas of squamous metaplasia 
were also found The excised lobe revealed bronchiectasis 

Case 6 — H S, Lenox Hill Hospital #108799, male, age 30 j^ears One year prior 

497 


HERBERT C MAIER 


Aonsis of Sargery 
March, 1948 


to admission a mass was discovered m the paramediastinal region on a draft board 
roentgen-ray Subsequent roentgenographic studies showed a double mass projecting 
out from the right side of the mediastinum Patient had no cough or sputum, no chest 
pain, and his weight was increasing 

Examination revealed a robust male without abnormal physical findings Fluoroscopy 
showed a density extending out from the right mediastinal area, which on lateral projec- 
tion was in the posterior mediastinum Roentgenograms showed two smooth, oval 
shadows of increased density, each about 5 cm m diameter, in the posterior portion of 
the right upper lobe near the mediastinum (Fig loA and loB) These shadows were in 
close contact with each other Their anterior surfaces were m close relation to the 
right mam bronchus Bronchoscopy showed no evidence of narrowing of the trachea or 
bronchi but the bronchus of the right upper lobe was somewhat larger than normal 



Fig 12 — Case 8 Large rounded area of density is present in the 
left upper portion of thorax 


Operation — A dumb-bell shaped cystic mass was palpable in the hilar region of the 
right upper lobe A small portion of this cystic mass could be seen on the posterior 
aspect of the hilum, but the major portion of the mass was covered by the medial portion 
of the right upper lobe with which it was intimately associated The cyst projected for 
a considerable distance into the pulmonary parenchyma, although there was a line of 
cleavage between the cyst and the normal pulmonary tissue The cyst was fairly thin- 
walled, had cartilaginous plaques within it, and contained non-odorous, greenish-gray, 
thick material There was a strand-like thickening m the pulmonary tissue extending 
from the upper portion of the larger cyst to the apex of the lung, where there was a 
smaller cyst about 2 cm m diameter which contained material similar to the larger cjst 
Othenvise the pulmonary tissue of the upper lobe appeared relatively normal The middle 
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and lower lobes were air-containing and appeared normal The cysts were excised and 
the patient’s postoperative course was uneventful 

Microscopic examination revealed the inner surface of the cyst to be partially lined 
with tall, ciliated columnar epithelium supported by a congested stroma which was richly 
infiltrated with round cells Embedded in the stroma was an occasional small mucous 
gland Portions of the cyst showed marked fibroblastic proliferation, and was densely 
infiltrated with inflammatory cells, including a few multinucleated giant cells of the 
foreign body t3'pe In the deeper laj^ers of the wall there was extensive fibrosis and a 
perivascular focal round cell infiltration 

Case 7 — R D, Lenox Hill Hospital #109712, female, age 22 years On a routine 
chest roentgenogram taken during a physical examination, a mass was found in the left 



A B 


Fig 13 — Case 8 A Roentgenogram taken after aspiration of cjst contents and replace- 
ment with air and small amount of lipiodol 

B Lateral view of the same 


mediastinal region The patient never had any symptoms referable to the thorax Physical 
examination was essentially negative Roentgenogram of the chest showed a rounded 
density projecting from the left side of the mediastinum slightly above the hilar region 
The mass was of homogeneous density and the margins were smooth (Fig iiA) A 
lateral film showed that the mass was located in the anterior mediastinum (Fig iiB) 
Preoperative diagnosis was dermoid cyst 

Operation — A large, rounded, relatively thin-walled cyst occupied the upper anterior 
aspect of the left pleural space, projecting into it from the mediastinum The wall of the 
cyst contained cartilaginous plaques The attachment of the cyst was near the anterior 
aspect of the hilum of the left lung in close association with the left mam bronchus but 
not actually attached to the bronchus Anterior to the attachment of the cyst in the 
mediastinum there was a congenital defect in the pericardium measuring approximately 
three centimeters in diameter This defect was jusL posterior to the pericardiophrenic 
vessels and phrenic nerve Through the defect in the pericardium the mam pulmonary 
artery and the tip of the auricle could be seen No inflammatory adhesions were present 
No other anomalies were noted The bronchiogenic cyst was excised intact The defect 
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m the pericardium was partly closed with the flap of mediastinal pleura which had been 
dissected from the cyst The postoperative course was uneventful There was no 
accumulation of fluid m the pericardial sac postopcratively, as determined by roent- 
genograms 

Cut section of the excised evst revealed a relatively thm-walled sae filled with 
brownish, thick, mucilaginous material Several trabeculae were present within the cyst 



Fir 14— Case 8 Roentgenogram after surgical removal of the 
bronchiogenic cyst Note well expanded left lung 


^Iicroscopic examination revealed a lining of ciliated columnar epithelium The under- 
ly mg stroma contained mucous glands, fragments of cartilage, bundles of smooth muscle 
and islands of hmphoid tissue 

Case 8 — J J , female, age nine months This baby was admitted to Kings County 
Hospital because of dvspnea and bouts of cyanosis since birth and frequent respiratory 
infections A diagnosis of unresoK ed pneumonia of the left upper lobe had been made 
Chest roentgenogram, however, revealed a shadow suggesting a large cyst (Fig 12) A 
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needle was introduced into this region and thick, gelatinous, yellow material, which was 
sterile on culture, was aspirated At a second aspiration of the cyst some air and a small 
amount of lipiodol were introduced and further roentgen-rays taken (Fig 13 A and 13B) 
A diagnosis of bronchiogemc cyst was made 

Operation — A large, thm-walled C3'st which was attached by a small pedicle to the 
mediastinum near the anterior end of the interlobar fissure close to the phrenic nerve 
was found A structure like a small bronchus could be felt in the mediastinal pedicle of 
this cyst, but this ended blindly and vas not in close association with the lemaindei of 
the tracheobronchial tree The cyst was excised and the postopeiative course was 
uneventful Microscopic examination revealed the characteristic findings of a bionchio- 
gcnic cyst The lung expanded well after operation (Fig 14) 

SUMMARY 

Bronchiogemc cysts of the mediastinum result fi om the faulty development 
of elements of the primitive foregut The C3fst wall lesembles that of the 
bronchus The symptomatolog}'- depends chief!)'’ on the size and location of 
the cyst The various clinical pictuies associated with the lesion are discussed 
in relation to the site of the cyst Bionchiogemc cysts aie a common type of 
mediastinal tumor Suigical excision is usually indicated, although a con- 
siderable percentage of the patients aie asymptomatic ulien tlie lesion is 
first discoieied on a loentgenogram Eight illustiative cases aie leportecl 
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MID-LEG AMPUTATIONS FOR GANGRENE IN THE DIABETIC 

Samuel Silbert, M D 

New York, N Y 

FROM THE SURGICAL SERVICE, MONTEFIORE HOSPITAL, NEW YORK 

Diabetes appears to be a progressive disease, m spite of the apparently 
satisfactory control of the carbohydrate metabolism by insulin Banting’s 
brilliant discovery opened a new era in the treatment of diabetes, and patients 
with this disease were led to believe that they could look forward to a normal, 
healthy adult life if they continued to observe care m diet and insulin admin- 
istration Among the profession at large an attitude of complacency has 
developed, and it is widely assumed that the diabetic is well controlled when 
the blood sugar level is approximately normal and there is no glycosuria 
Students of this disease, however, are agreed that control of the carbohydrate 
metabolism can pi event coma and relieve symptoms, but that the more pro- 
found disturbances resulting from diabetes are not corrected by the use of 
insulin, and that progressive deterioration of the vascular system of the 
entire body takes place, resulting in albuminuria, hypertension, letinal changes, 
cardiac and peripheral vascular disease 

As a surgeon familiar with the frequent necessity foi amputation in the 
pre-insulin days, I anticipated that the universal use of insulin would be 
reflected m a gradual deciease in the incidence of gangrene and amputations 
in patients with diabetes It is an outstanding fact that such has not been the 
case, and it is unhappily accurate to state that because of insulin, many more 
diabetics live long enough to require amputations of one or both legs Fur- 
thermore, by the time a diabetic has reached the point where he requires 
amputation of a leg for gangrene, his life has nearly run its course, and he 
will be among the select few if he is alive five years later If alive, it is 
probable that loss of the second leg will have been necessary 

Contributing to the present unsatisfactory picture of diabetes is the high 
mortality which results from thigh amputations for gangrene With very fev 
exceptions, the prevailing death rate ranges from 25 per cent to 50 per cent 
Table I presents the reported mortality for this procedure in a group of metro- 
politan hospitals There were 547 deaths, or 44 per cent, in 1,242 cases of 
mid-thigh amputations in diabetics Excluded from this table are the sta- 
tistics of the Deaconess Hospital m Boston, because of the unique record of 
this institution Joslin states that “major amputations numbering 767 between 
1932 through 1942, showed a mortality of 12 3 per cent This unusually 
low mortality may be due to special factors such as inclusion of many patients 
of the affluent class, and to the practice of amputation for very early lesions of 
the extremities It is apparent that such a low mortality is not characteristic 
of the country at large, particularly m the large municipal hospitals 

Since the technical procedure of a thigh amputation is simple and requires 
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no great skill, the prevailing high mortality indicates that this procedure is too 
severe for the average patient with diabetes It is readily apparent why this 
IS so The patient with diabetic gangrene is usually a poor operative risk He 
IS past middle age, and often has complicating arteriosclerotic cardiorenal or 
cerebrovascular disease His vitality may have been reduced by prolonged 
suffering and by absorption of toxic products from his gangrenous or infected 


Table I — Moitahty Following Thigh Ampniafious for Gangieiw m the Diabetic 


Per Cent 



Cases 

Deaths 

Period 

Mortality 

Montefiore (1) 

17 

10 

1932—1936 

59 

Mount Siiiai (1) 

68 

26 

1926—1936 

38 

Slornsania (2) 

45 

27 

1931—1935 

60 

Bellevue, 1st division (a) 

40 

21 

1931—1935 

52 

Bellevue, 2nd division (a) 

35 

22 

1931—1935 

63 

Bellevue, 3rd division (a) 

70 

26 

1931—1935 

37 

Bellevue, 4tli division (a) 

24 

18 

1931—1935 

75 

Leno-« Hill (3) 

13 

5 

1935—1939 

38 

St Luke’s (4) 

25 

9 

1934—1938 

36 

New York (5) 

31 

9 

1932—1940 

29 

Roosevelt (6) 

12 

3 

1935—1939 

25 

Mary Immaculate (Jamaica) (7) 

24 

12 

1930—1935 

50 

Israel Zion (8) 

99 

32 

1934—1943 

32 

Kings County (9) 

73 

34 

1936—1941 

46 

Massachusetts General (10) 

36 

12 

1916—1926 

33 

Philadelphia General (11) 

130 

73 

1926—1933 

56 

Philadelphia General (12) 

127 

61 

1937— 1939 

48 

Philadelphia Episcopal (13) 

56 

27 

1926—1935 

48 

New Orleans Chanty (14) 

114 (b) 

48 

1929—1937 

42 

Indianapolis Cit) (IS) 

78 (c) 

31 

1930—1938 

40 

Rochester Universitj (16) 

106 (c) 

34 

(Not stated) 

32 

Nebraska Universitj (17) 

19 

7 

1932—1942 

37 

Total 

1242 

547 


44 


a Reported at N Y Academy of Medicine May 11 1937 
b Diabetic and non diabetic artenosclerosis 
c Thigh and leg amputations combined 


foot To relieve pain he has received considerable quantities of narcotic diugs 
It has been difficult to control the carbohydrate metabolism piopeily because 
of the diminished effectiveness of insulin in the presence of infection and gan- 
grene Such a patient should be subjected to as little operative trauma as 
possible The operative procedure should be brief, profound anesthesia 
should be avoided, and amputation should be carried out as far distally as 
possible 

It has been taught for many years that amputations should be done 
through the thigh m order to insure adequate circulation for healing This 
Y idespread belief has been proven incorrect by numerous surgeons in the past 
few years McKittrick,^®- Beverly Smith, Maes " Crossan,’^ Bickel,=^ and 
others, have advocated amputations below the knee, and have reported good 
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results follo\Mng this procediue M} own expenence, likewise, indicates that 
amputations can be performed safely below the knee in diabetic patients, even 
when the popliteal artery is closed and oscillometiic readings indicate a 
seriously deficient circulation 


CLINICAL ALA-TERIAL 

The present series consists of 127 instances of extensive gangiene with 01 
without infection in diabetic patients tieated by mid-leg amputation dining 
the yeais from 1940 to 1946. Fifty-eight of these patients were ward cases 
at the Montefiore Hospital, and the othei 69 weie seen in piivate piactice 
In addition, 24 non-diabetic patients with aitenoscleiotic gangrene have been 
similarly treated, making a total of 151 amputations Advanced impairment 
of circulation was piesent in all cases In most of them the popliteal pulse 
w as absent and in some e\ en the femoi al pulse could not be felt Only rarely 
during this period was a thigh amputation done in a patient with diabetes, and 
only for exceptional leasons, such as maiked contiactuie of the knee joint 01 
unusual!} poor condition of the tissues of the leg The majority of the opei- 
ations weie done In the wiitei but many w’^ete done by colleagues 01 house 
staff surgeons unclei his supeiaision It is impoitant to point out that patients 
admitted to the waids of Montefioie Hospital aie fiequently m lather pooi 
condition due to age, pooi economic status, and piolonged chionic illness 
jMaii) of them have passed thiough othei hospitals, and aie tiansfened to 
Montefioie as chronic invalids In geneial, it may be stated that in New York, 
recommendations foi amputations ate not leadily accepted by most patients, 
and usually consent is finally obtained onl} when extensive gangiene and 
infection have developed This is a factoi wdneh has a consideiable beaiing 
on nioitalit}’- figuies An attempt has been made to giade the geneial condi- 
tion of each patient depending upon age, toxicity, caidiac status, presence of 
hypertension, and degree of peripheial vasculai involvement Table II sum- 
marizes this information, and contrasts the mortality 111 the different groups 


Tabiu II — Moitahiy vi Dtabehc Gangrene Depending Upon Geneial CondtUon 

of Patients* 


Group 

Condition 

Number of 
Patients 

Operative 

Deaths 

Mortality 
Per Cent 

A 

Good 

8 

0 

0 

B 

Fair 

34 

1 

3 

C 

Poor 

SO 

5 

10 

D 

Precarious 

3S 

6 

17 

Totals 


127 

12 

9 4 


* Division of diabetic patients into groups based upon age, 
tojcicity, cardiac status, hypertension and degree of peripheral 
vascular impairment 
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TECHNIC or OPERATION 

The patient is placed on the table face down, as this position permits 
flexion of the leg, and makes the operation much easier Spinal anesthesia, 
using less than lOO mg of novocame, or light general anesthesia is employed 
A tourniquet is not used A circular incision is made through the skin and 
fascia at a level 8 inches below the patella Flaps of any kind are avoided 
The muscles are divided at the level of the retracted skin As soon as the 
superficial layer of calf muscles is sectioned the posterior tibial vessels and 
nerve are exposed, lying on the deep layer of muscles The vessels and nerve 
are ligated and divided and the nerve is injected with alcohol The leg is then 
flexed and the anterior tibial gioup of muscles is sectioned, exposing the 
anterior tibial vessels and nerve near the interosseous membrane These 
structures are then ligated and cut, thus controlling the major sources of 
bleeding The leg is again placed horizontal and the deep layer of muscles on 
the posterior surface is sectioned The muscles are then sepaiated for a few 
inches from the bones and the bones are sawed through, the tibia about one 
inch and the fibula about two inches above the level of the skin incision 
Periosteum and bone are cut at the same level The anterior edge of the tibia 
IS then beveled by an oblique saw cut Any muscle that has been damaged 
during the procedure is trimmed away, and careful hemostasis obtained The 
wound IS thoroughly irrigated with sterile water The wound is left wide 
open and is dressed with a combination of paraffin mesh and vaseline gauze 
A posterior molded plaster splint is applied and the dressing is not changed 
for a week Thereafter the wound is dressed with cod liver oil ointment and 
the dressing is changed every third day until the stump is healed There is 
frequently considerable secretion from the wide open wound and usually some 
superficial slough of damaged tissue for the first two or three weeks Then 
the wound gradually becomes a clean, granulating surface in the center of a 
rapidly contracting scar Infections of the stump or other complications are 
rare The postoperative course is usually smooth and painless 

It IS important to continue the use of the posterior molded splint until the 
wound IS well on the w^ay to healing Contracture at the knee takes place 
readily unless a splint is used, and such a contracture is difficult to overcome 
In the first few cases a tourniquet was used around the thigh to expedite the 
operative procedure Three patients developed gangrene of the leg stump 
and required secondary thigh amputations The use of a tourniquet was 
therefore abandoned Since then more than 120 consecutive cases have had 
mid-leg guillotine amputations without the use of a tourniquet, and in only 
three of these has a higher amputation been necessary Healing in all patients 
has been surprisingly good In a few', minimal necrosis of the skin margin 
has developed, but this has not interfered wuth a satisfactory end result 

The process of healing presents some surprises As soon as a rim of scar 
tissue forms at the periphery of the wound, contraction of the scar tissue 
begins and gradually pulls the skin dowm over the end of the stump (Fig 1 
and 2) This process continues until healing is complete, and the final scar is 
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Fig I — Early stage of healing Note skin drawn over end of 
stump by contracting scar tissue 




tt? 










Fig 2 — Later stage of healing Small granulating wound in 
center of contracting scar 
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frequently so small that it can be coveied \Mth a 25 cent silvei com (Fig 3 
and 4) It w not necessary to apply any fonn of U action to the stump to 
accomplish this lesiilt The pull of the contracting scar tissue is sufficient 
Complete healing usually requires from 10 to 12 weeks Patients are allowed 
out of bed the day after operation in most cases, and can leave the hospital on 
Clutches foul to six ueeks aftei opeiation 

RESULTS 


« 





Eveijf death which occuired be- 
foie the stump was healed is regarded 
as an operative mortality, even though 
the cause of death was entirely unre- 
lated to the surgical procedure In the 
entile group of 127 diabetic patients 
there were 12 deaths a mortality of 
94 per cent In the \\aid group of 
58 patients theie weie 7 deaths (12 t 
pel cent) , in the pin ate group of 69 
patients there weie 5 deaths (72 pei 
cent) The significance of these fig- 
uies IS deal It is not necessary to 
have a high mortaht}^ m amputations 
foi gangrene in the diabetic When 
the severity of the operation is re- 
duced to the limited enduiance of the 


patient this mortality can be reduced 
Fig 3 — ^^Vell-l^ealed stump Note rela- to less than lo per cent 
tiveh small area of scar to circumference non-diabetic group of arterio- 

of stump , 

sclerotic gangiene is similar in age 

and general condition to the diabetic gioup, and foi the sake of completeness 
may be included with the lattei In this group of 24 cases thei e were 2 deaths 
Thus, in the total number of 15 1 patients treated by mid-leg amputation, 
there were 14 deaths, a mortality of 9 3 per cent 

Certain other advantages of the low amputation should be stressed The 
use of an aitificial limb is greatly facilitated if the patient letains his knee 
joint and about six inches of his leg (Fig 5) Such patients aie frequenth 
able to valk without the use of a cane 01 crutches, and vith scarceh any 
perceptible limp On the contrai}, when amputations are done through the 
thigh, experience has shown that almost none of the women and onl} about 
half of the men e\er accustom themselves to the use of an artificial leg Many 
of the 15 1 patients in the present series, including one man and one woman 
over 80 years of age, have been fitted vith and are wearing artificial legs I 
know of no instance nhere a veil healed stump has broken down and required 
further surger}’’ 

It IS w orth recording that none of the below -knee stumps have been per- 
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primary closure following amputation 
at this level With this modification 
healing is complete in 2 to 3 weeks 
Theie are three dangers m primary 
closure infection, tension on tissues 
causing impairment of circulation, 
and inadequate circulation at the op- 
eiative level causing localized necro- 
sis of tissue In cases treated by pri- 
mary closure an attempt to prevent 
infection was made by treating each 
case for one w^eek before and one week 
after operation with injections of pen- 
icillin Care was used to avoid ten- 
sion on the suture line and few su- 
tures were used In 6 selected cases 
in the diabetic group treated m this 
manner, 4 healed by primary union, 
and 2 had a narrow area of gangrene 
along the suture line which delayed 
healing but did not prevent an ulti- 
mately satisfactory result In addi- 
tion, 3 cases in the non-diabetic group, 
closed in the same way, healed by 
primary union 

While the results in this small 
group of 9 cases has been all that could be expected, it is still a question 
whether it is desirable to take the additional risk of primary closure to save 
a few weeks of healing time Most of the diabetic patients who require 
amputation are beyond 60 years of age and are no longer engaged in active 
work The granulating wound resulting from a guillotine amputation left 
entirely open is not painful and does not require hospitalization Visits on 
crutches to the surgeon’s office twice a week are sufficient for dressing the 
stump The advisability of primary closure wull depend on further experience 
with this modification 

NECESSITY FOE AMPUTATION OF SECOND X.EG 

The number of patients with diabetes w'ho require amputation of the 
second leg has not been determined in a large senes of patients The Amer- 
-ican Diabetes Association has no data on this point Joshn^® stated that of 
100 patients, 39 subsequently required amputation of the second leg In the 
present series of 127 patients, 20 required amputation of the second leg during 
the knowm period of observation, and the follow-up is incomplete When 
patients who have been followed for only a short period are excluded, more 
significant figures are obtained For example, among the diabetic patients 

510 



Fig 5 — Well-healed stump after guil- 
lotine amputation Preservation of knee 
joint and upper part of leg improves abihtj 
to walk with artificial leg 
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seen in my private piactice, there are 49 with one amputation who have been 
fallowed for ovei 3 yeais Among these, 21 01 43 per cent, have required 
amputation of the second leg This figuie closely appioximates that of Joslin 
cited above Thus it appears that about 40 per cent of diabetic patients who 
survive 3 yeais aftei the loss of one leg will roquii-e -amputatiou-of-llie-second 
leg Moie extensive data on this point aie desiiable, and a significant reduc- 
tion m the peicentage of patients who lequired amputation of the second leg 
could be accepted as evidence of the value of the piophylactic tieatment used 
in the mteival Ligation of the femoial vein of the second leg is being done 
at the time of piimaiy amputation in a senes of cases at the Montefiore Hos- 
pital to deteimme if this piocedure has any meiit as a prophylactic measure 
It will take many years to determine this point Sympathectomy might also be 
tested in this manner 


DUIOVTION OF LIFE AFTER AMPUTATION OF LEG 

It has been stated that the average expectancy of patients with diabetes 
after amputation of one leg is about 3 to 4 yeai s Experience with the 
present senes of cases confirms the above statement Thiity-five (27 per cent) 
of the 127 cases in this senes aie known to be dead within 3 years after 
amputation, and since the follow-up is incomplete, the leal figure may well be 
twice as high Tw'enty-four patients of this senes aie alive and compara- 
tively comfortable 3 to 5 yeais after amputation Forty-nine of a series of 
117 diabetic patients with amputations seen m my private practice have sur- 
vived 3 years or more since opeiation (41 per cent) Thus it appears that 
only about 40 per cent of diabetic patients will live more than 3 years after 
amputation of a leg 


SUMilARY AND CONCLUSIONS 

Although the discovery and use of insulin has made the diabetic patient 
more comfortable and has prevented diabetic coma, the more profound dis- 
turbances are not coirected and diabetes remains a progressive, degenerative 
disease 

Amputations for gangrene in the diabetic are more frequent than in pre- 
insulin days 

Routine mid-thigh amputations result in a high operative mortality, unnec- 
essary loss of function, and many painful amputation stumps 

Mid-leg amputations are advocated because of low operative mortality, 
preservation of better function, and freedom from stump pain In 127 diabetic 
patients subjected to mid-leg amputation there were 12 deaths, a mortality 
of 9 4 per cent 

Only about 40 per cent of diabetic patients will survive longer than 3 years 
after amputation of a leg Of those who survive about 40 per cent will xequire 
amputation of the second leg 
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JUVENILE NASOPHARYNGEAL ANGIOFIBROMA 

Hayes Martin, M.D., F.A C S 
Harry E Ehrlich, M D., F.A C.S. 

AND 

Jules C. Abels, M 
New York, N Y 

FROM THE HEAD AND NECK SERVICE, MEMORIAE HOSPITAL 

Juvenile nasopharyngeal angioiibroma, though neither a common nor 
a malignant neoplasm, neveitheless presents seiious problems because of the 
complications which aie invariably associated with its growth and its treat- 
ment This tumor, moreover, is of considerable scientific inteiest in that it is 
one of the few neoplasms which exhibit a maiked sex piedilection — etiologi- 
cally related in this case, we believe, to a sex-endocrine imbalance The 
present repoit is based on an analysis of 29 cases of juvenile nasopharyngeal 
fibroma observed on the Head and Neck Seivice at the Memorial Hospital 
from 1927 to 1946, inclusive 


definition 

Juvenile nasopharyngeal angiofibroma is a specific, highly vascular, non- 
infiltrating, essentially benign neoplasm, occuning m the nasopharynx or 
posterior nasal cavity of pubescent males Symptomatically the tumor is 
characterized by nasal obstruction, repeated epistaxis, and by progressive 
growth throughout the period of adolescence, with a tendency toward spon- 
taneous regression at about the time of sexual maturity 

While the term jtwemle nasophaiyngeal angiofibt oma is anatomically 
specific and descriptive for the tumor, it is somewhat cumbersome, and for 
the sake of convenience in the remainder of this report, it will often be 
shortened to nasopharyngeal fibroma Other terms which have been employed 
elsewhere to designate this neoplasm include myxofibt onia, jiivemle basal 
fibroma, nasopharyngeal fibroma of adolescence, fibioids of the nasopharynx, 
and bleeding fibromas of adolescence 

Dr Jules Abels died June 13, 1947 

t Hutoiical Mote — The earliest Greek, Roman, and Arabian medical writers used 
the term nasal polyps ( 7 ool — many footed) to designate all tumors or swellings within 
the nasal cavities or nasopharynx which caused obstruction to breathing is Subsequent 
medical writers employed the same term for several hundred years As time passed, more 
than one variety of nasal polyps were recognized and by the i8th Century such lesions 
were often differentiated as soft or mucous and hard or fibrous nasal polyps , finally, they 
were classified into three groups — (i) soft (2) fibrous and (3) malignant It is some- 
what difficult to ascertain just when a specific form of nasopharyngeal fibroma of 
adolescence was first recognized, but as early as 1847 Chelius^ stated that fibrous nasal 
polyps “commonly occur m persons about the time of puberty” 
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ETIOLOGY 

Nasopharyngeal fibroma is not a common tumor In the Head and Neck 
Clinic of the Memorial Hospital about 2,000 new cases of neoplasms 
in the tissues of the head and neck are admitted annually, and of these 
there are usually one or two cases of nasopharyngeal fibroma In the 
literature, most of the case reports number from one to three A few 
fairly large series have been published, namely those of New and Figi^^- ^ 
from the Mayo Clinic — 63 cases, and of Shaheen® — 58 cases Some 
aspects of the clinical material in these two reports, especially with 
regard to the ages of the patients and the fairly large proportion of females, 
suggest to us, for reasons to be considered later, that the cases have not 
been critically selected and that not all are actually juvenile nasopharyngeal 
fibromas as defined in the present report 

Age Incidence — In our senes of 29 cases, the age at the onset of symp- 
toms varied from 7 to 19 years with an average age of 14 years The age 
on admission averaged about to 2 years later — that is about 16 years, 
which IS a little younger than Figi’s® figure of years at the time of the 
first examination In one of our cases, the patient was admitted at the age 
of 36 years, but had symptoms since the age of 16 

The onset of nasopharyngeal fibroma always occurs during adolescence 
and IS one of its most characteristic clinical features While many observers. 

Considerable space is given in the surgical texts of the early 19th Century to oper- 
ations for the removal of bulky nasal polyps, especially when the tumors became so large 
as to produce what was known as a “frog face” deformity Nevertheless, surgeons of 
that period, and some even up to the year 1900, appear to have been unaware of any age 
or sex predilection for these “fibrous nasal polyps ” Legouest^^ in 1865 was one of the 
earliest to call attention to the selectivity of these tumors for males Gosselin^^ in 1876 
noted a tendency toward spontaneous regression after sexual maturity The first compre- 
hensive study of nasopharyngeal fibroma is to be found in a review on the general 
subject of nasal polyps in 1878 by Bensch,^ who collected the scattered case reports and 
made an excellent morphologic and clinical description of this neoplasm Chaveau® in 
igo6 suggested the term juvenile nasopharyngeal fibroma 

The first attempts at surgical removal of these tumors were made as early as the 
time of Celsus, by digital manipulations or by tearing off the tumor masses with forceps 
or snares Later, injections of various escharotics and the actual cautery were employed 
About the middle of the 19th Century, several operative technics were devised to gam 
better access to the nasal cavities and the nasopharynx Langenbecki“ proposed an 
anterior approach through the skin of the cheek leaving the bone attached to the 
osteoplastic flap and temporarily resecting the maxilla After removal of the tumor, the 
flap with the attached bone was replaced and the wound was sutured To obtain access 
to the nasopharynx Rouge-® reflected the nose upward and resected part of the septum 
by an incision in the upper gingivo-buccal gutter Ollier^^ made a V-shaped incision 
with its base opposite the nasal ala, reRecting the whole nose downward All of these 
operations were rather bloody and the mortality was high Bilateral ligation of the 
external carotid arteries and tracheostomy were mentioned as preliminary surgical 
measures as early as the i88o’s 

Most of the reports in the literature consist of three or less cases and Ihe clinical 
data are often meagre and uncertain In recent years several larger senes have been 
published which we shall discuss later in greater detail 
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as far back as Chelms** in 1847, have believed that this neoplasm occurs 
mainly in children, hence the eponym “juvenile,” nevertheless such observers 
as New and Figi^^’® and Shaheen^^* have included cases with a supposed 
onset long after sexual maturity Some of these apparent variations may arise 
by recording the age of the patient on admission rather than the age at the 
onset of symptoms Shaheen^c is the only recent observer who has reported 
the occurrence of this tumor during infancy and old age (2 and 4 years, 67 
and 70 years, respectively) Since Shaheen appears to be unaware that his 
reports of cases occurring at the age extremes are at variance with those of 
most other observers and since he offers no histologic or other corroborant 
data, we feel that these particular cases are not all acceptable as genuine 
instances of juvenile nasopharyngeal fibroma 

The duration of the tumor before it produces symptoms cannot of course 
be determined From the obseived rate of growth following the first exam- 
ination in untreated patients, however, it is probable that a silent period of 2 
to 3 years may elapse, bringing the onset of the tumor to between ii and 
12 years We have not been able to find any comment on this probability 
in other leports 

Sex Relationship — In the course of the present study, certain sex-endo- 
crine factors of probable etiologic significance became apparent These were 

1 The disorder was limited to young males 

2 These patients in most instances gave the clinical impression of under- 
sexual development, both physically and emotionally 

3 In spite of roentgen-ray therapy the tumor significantly regressed only 
after secondary sex characteristics were developed fully , there was one excep- 
tion in the 29 cases presented 

4 In two instances in which pubeity was hastened by the administration 
of androgens, roentgen-radiation appeared to induce a more ready regression 
of the tumor 

* All of our 29 patients with nasopharyngeal fibroma were males and we are of 
the opinion that this neoplasm never occurs in females Beginning with Legouest^’’ m 
1865, many subsequent authors have recognized that the incidence of this tumor was 
considerably greater in males , but we are the first, so far as we know, to advance the 
proposition that juvenile nasopharyngeal fibroma is a completely sex-bound neoplasm 
We realize that this point of view may not be generally accepted without question at 
this time, for all previous authors who have reported large series have given a definite 
percentage of female incidence (Figi and New, 7 per cent, Shaheen, 8 per cent) At the 
Memorial Hospital, up until about 10 years ago, we also believed that juvenile naso- 
pharyngeal fibroma occurred occasionally in females, but since that time we have sub- 
jected all cases so diagnosed m female children to careful scrutiny These investigations, 
based not only on biopsy but also on the subsequent clinical course, have failed to sup- 
port the diagnosis of nasopharyngeal fibroma m a single female patient in our clinic 
In three suspected cases in females the lesions on biopsy proved to be simple choanal 
polyps In two other cases the eventual diagnosis was tuberculosis of a retropharyngeal 
lymph node and chondroma arising m a superior nasal turbinate, respectively In none 
of these tentatively diagnosed cases of juvenile nasopharyngeal fibroma m females were 
found the characteristic symptoms and clinical course— progressive nasal obstruction, 
recurrent epistaxis, and spontaneous regression at sexual maturity ’ 
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These observations strongly suggest that juvenile nasopharyngeal fibromas 
may result from a deficiency of androgen activity or, perhaps, from an over- 
production of estrogens Unfortunately, little or no information is available 
concerning estrogen production by pubescent males from which conclusions 
might be drawn 

There is, however, considerable clinical and experimental evidence that 
vascular tissue can be influenced by certain of the sex hormones, but these 
effects are not always uniform In cutaneous areas characterized by a large 
venous bed, the capillaries of castrated males are found widely dilated and 
this dilatation can be reversed by the administration of testosterone pro- 
pionate Likewise, the excitability of cutaneous blood vessels has been found 
to be more extensive in castrated men and this excitability to graded mechan- 
ical stimuli could be increased b}'^ estradiol and decreased by testosterone 
proprionate 

The observations of Soskm and Bernheimer^" that relief of atrophic 
rhinitis was obtained by estrogen administration stimulated several studies 
concerning the relation of sex hoimones to mucous membrane hyperemia 
Of these, the work of Reynolds and his co-workers^^ bears most on the pres- 
ent clinical study These investigators demonstrated that hyperemia of the 
mucous membranes was a function of blood estrogen content and could be 
induced by further estrogen administration Furthermore, the mechanism of 
the hormone action -w as discovered to be due probably to the local production 
of acetylcholine The clinical and experimental value of these observations 
have been demonstrated m the treatment of peripheral vascular disease For 
example, gangrene induced by ergot drugs can be prevented by estrogen 
administration 

During the course of further studies it is planned to give much more 
consideration to the sex linked character of this tumor Particular attention 
will be given to 

r The determination of “developmental age” of these patients by roentgen- 
ray examination of ossification centers 

2 The excretion of total 17-ketosteroids , for this a considerable amount 
of work first must be done to establish the normal range for the 17-ketosteroid 
excretion of the pubescent male 

3 The effects of androgens alone in massive doses on the tumor before 
roentgen-radiation or surgery is applied 

4 The effects of estrogens on the appearance of the tumor 

Histogenesis — Histologic study m our cases reveals that in the tumors 
of younger subjects the angiomatous elements predominate and occasionally a 
microscopic picture of full)’’ developed cavernous angioma is noted It is prob- 
able, therefore, that in the beginning these growths are principally angioma- 
tous rather than fibromatous If estrogenic stimulation is a factor in the 
etiolog)’’ of these tumors, their histogenesis can be reasonably explained as an 
overgrowth of vascular tissue in the nasopharynx, a result of an abnormal 
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Stimulus to the local circulation The fibromatous elements, at first being only 
supporting stroma of the tumor, develop as a structural component and be- 
come predominant as the estrogenic effect is lessened An identical phenome- 
non IS the gradual replacement of the angiomatous elements by fibrous tissue 
as seen m ordinary hemangiomas following spontaneous or therapeutically 
induced sclerosis of the blood vessels 

When the patient approaches sexual maturity, as will be later described, 
all tumors tend to become less vascular and often completely fibrous, which 
suggests that as the abnormal stimulus disappears the proliferation of blood 
vessels also ceases This hypothesis, if correct, is sufficient to explain the 
histogenesis of this tumor 

Other genetic theories have been advanced which presuppose that the 
growth is of fibroblastic origin The most prevalent and hitherto accepted 
explanation of the origin of nasopharyngeal fibroma, first advocated by Ver- 
neuiF^ and supported by Bensch,^ Ewing,® and others, is that the growth is 
derived from embryologic fibrocartilage during development of the skull The 
embryonal occipital plate, a cartilaginous structure, gives rise to the basilar 
portion of the occipital bone, body of the sphenoid bone, medial pterygoid 
process, and bones m the region of the foramen lacerum and pterygopalatine 
space Until early adult life the basilar portion of the occipital bone is joined 
to the body of the sphenoid bone by the remaining portion of embryonal 
cartilage This cartilaginous plate becomes ossified by the 25th year Accord- 
ing to these authorities, perichondrium (fibrous connective tissue) covers the 
cartilaginous plate and from this or other perichondrium of the postnasal 
space juvenile nasopharyngeal fibroma is supposed to develop This hypothesis 
is attractive in that it accounts for the phenomenon of spontaneous legiession 
of the tumor about or after the 25th year, and also, for its various anatomic 
sites of origin The latter theory, however, does not explain the sexual 
selectivity of this tumor nor does it take into consideration the presence of 
angiomatous elements which are integral and, perhaps, the more significant 
morphologic components of nasopharyngeal fibroma 

In 1943 a case of chondrosarcoma of the nasopharynx occurring in an 
adolescent boy was reported by Wirth Although this tumor finally metasta- 
sized to the lungs as chondrosarcoma, the initial biopsy was compatible with 
a diagnosis of juvenile nasopharyngeal angiofibroma The presence of car- 
tilage even m the first biopsy specimen, the lack of response of the growth to 
large doses of external and interstitial radiation, and subsequent biopsy 
reports (vascular embryonal chondroma, chondrosarcoma) mitigate against 
this growth being a genuine nasopharyngeal fibroma in the beginning, as 
Wirth admits If it could be proved, however, that chondrosarcomatous 
transformation can occur in a pre-existing nasopharyngeal fibroma, it would 
favor the prechordal plate genetic theory of Verneuil 

Oflier Cmisati’ve Factois — ^Further analysis of our data reveals no evi- 
dence of any systemic disturbances The majority of patients Avere investi- 
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gated for syphilis, tuberculosis, and other infections and were found to be free 
from these diseases Allergy or trauma did not appear to be etiologic factors 
Congenital anomalies, mal-developments and other associated tumors were not 
encountered and m no case were either neurofibromatosis or hemangiomatous 
tendencies present The boys were not retarded, either physically or mentally, 
and except for evidence of underdevelopment of secondary sex characteristics 
m over one-half of the cases, they appeared normal in all other respects 

No tendency toward racial or familial predilection was noted in the present 
series or in any previously reported cases 
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Fig I — Surgical Specimen of Nasopharyngeal Fibroma This bulky, lobulated, 
cartilaginous-like mass was removed from the nasopharynx and posterior nasal cavity of 
an ri-year-old boy by a radical Weber-Ferguson type of resection of the maxilla Note 
that the tumor is dumb-bell shaped, one portion projected into the posterior nasal cavity 
and the other beneath the soft parts of the cheek m the mfrazygomatic and temporal areas 


PATHOLOGT 

Gross Pathologic Anatomy — Nasopharyngeal fibroma is an unencapsu- 
lated fungating, vascular tumor The surface of the growth, if not trauma- 
tized by operative intervention or packing to control hemorrhage, is covered 
by intact mucous membrane, highly injected and deep red in color m younger 
subjects and pale pink in older patients or those in whom the vascularity has 
been reduced by radiation or sex hormone therapy If there has been 
hemorrhage with the attendant trauma of packing, ulceration and necrosis 
occur and the surface of the tumor maj'’ become granular 

In our cases, with one execution, the growth ranged from 2 to 5 cm m 
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greatest diameter and the average size was 3 cm One tumor was so large 
( 10 cm ) as to be out of proportion to the standard variation in this series 
In the specimens available for gross morphologic study, unusual variations 
and combinations were noted Although the shapes of the tumors differed 
widely, the commonest types were ovoid or club-shaped The surface was 
either smooth or definitely lobulated (Fig i) Some of the tumors were 
rubbery or cartilaginoid in consistency while others were soft, edematous and 
occasionally friable On section the color of the neoplasms ranged fiom 
pinkish white to grayish yellow to reddish brown, and translucent tissue was 
seen as often as homogeneous tissue All growths ivere solid with no areas of 



Fig 2 — ^Vascular Phase of Nasopharyngeal Fibroma In this microphotograph of 
an extremely vascular nasopharyngeal fibroma in a lo-year-old boy, the microscopic 
appearance is that of a fully developed cavernous angioma in a fibrous stroma Some of 
the blood vessels have become sinusoid This tumor had no previous sex hormone or 
radiation therapy 


cystic degeneration Older tumors or those which had been subjected to 
radiation therapy were usually densely fibrous and pale, younger and 
untreated tumors were soft and deeply vascular 

Htstopathology — ^Nasopharyngeal fibroma is composed essentially of con- 
nective tissue and blood vessels In microscopic appearance it may vary from 
that of a fully developed cavernous angioma in a fibrous stroma (Fig 2) to 
that of a densely cellular or occasionally myxomatous fibroma (Fig 3) The 
usual histologic pattern consists of connective tissue stroma containing num- 
erous spindle-shaped immatuie fibroblasts and thin- walled blood vessels in 
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varying proportions In fact, spindle- and star-shaped fibroblasts may be so 
numerous as to suggest fibrosarcoma or angiosarcoma, with which juvenile 
nasopharyngeal angiofibroma is often confused In younger subjects and in 
untreated tumors, the angiomatous elements aie in abundance, the vessels 
becoming large, iriegular and even sinusoid, in older tumors or in those 
which have been subjected to radiation therapy or intensive treatment with 
androgens, the vascular components are less prominent or they may disappear 
altogether and fibrous elements predominate Foci of lymphocytes and plasma 
cells may be present, especially in those tumors which are ulcerated or trau- 
matized Myxomatous changes in varying proportions are frequently found, 



Fig 3 — Avascular Phase of Nasopharyngeal Fibroma The microscopic appearance 
of a relatively avascular nasopharyngeal fibroma consists of sparsely scattered blood 
vessels in a densely cellular stroma This histologic pattern of replacement of angiomatous 
elements by connective tissue (involution) can frequently be brought about by androgenic 
therapy and irradiation 


as are areas of necrosis Hyahnized thrombi are occasionally seen, especially 
in older or treated tumors, together with areas of hyahnized stroma 

The tumor possesses no true capsule A pseudo-capsule which actually 
consists of pharyngeal or nasal mucosa, occasionally stretched and atrophic, is 
noted in non-ulcerated specimens (Fig 4) 

Although malignant transformation has been reported by others (Sha- 
heen,-« Jackson, Dabney^) the presented evidence is inadequate and uncon- 
vincing, in our opinion No tumor in the present series underwent malignant 
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transformation, anatomically or clinically, with the exception of a single case 
m which one of numerous recuiiences revealed unusual cellularity and 
localized areas of malignant transfoimation, subsequent recurrences, however, 
during a period of three years were reported as benign and there have never 
been any clinical manifestations of malignant behavior This case will be 
referred to again under prognosis 

SYMPTOMS, MORBID ANATOMY~AND CLINICAL, COURSE 

The first symptom of nasophaiyngeal fibroma is probably always nasal 
obstruction which, if only moderate m degree, may for a time pass unnoticed 



Fig 4 — Surface Appearance of Nasopharyngeal Fibroma The neoplasm has no true 
capsule In this microphotograph intact mucosa may be seen stretched over the tumor, 
forming a pseudocapsule 


While in a few of our cases the patients at fiist gave epistaxis as the initial 
symptom, closer questioning almost always elicited a preceding history of 
nasal obstruction to which little attention had been paid In order to produce 
nasal obstruction, we estimate that a tumor in the nasopharynx must reach 
the size of about 2 5 cm m diameter, although m the choana a smaller mass 
could undoubtedly produce this symptom At any rate there is probably a 
silent period of at least several months before a growing nasopharyngeal 
fibroma becomes large enough to cause some obstruction to breathing 

The second symptom of nasopharyngeal fibroma and the one which most 
often causes the patient to seek medical advice is lecmient epistaxis Hemor- 
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rhaga probably occurs either as a result of trauma to the tumor, incident to 
sneezing or to forcibly blowing the nose, or from pressure necrosis of the 
expanding growth as it meets with the resistance of the confining bony walls 
Once initiated, hemorrhages occur at increasingly frequent intervals, especially 
when their control necessitates tamponage or nasal packing These manipula- 
tions, when repeated, almost always result in sepsis which may extend to the 
paranasal sinuses, the middle ear, and even the mastoid With recurrent 
hemorrhages, the patient becomes anemic and since proper nutrition is inter- 
fered with by local manipulations, usually loses considerable weight 


rr 



Fig 5 — Facial Deformity in Nasopharyngeal Fibroma (a) Marked facial deformity 
may be produced by a bulky nasopharyngeal fibroma as the mass grows outward com- 
pressing the antrum and pushing the soft parts of the cheek ahead of it Removal of 
this tumor necessitated resection of the anterior wall of the maxilla and corresponding 
alveolus after reflecting a cheek flap (b) Postoperative photograph 


If hemorrhage is not an early or frequent symptom and the nasal obstruc- 
tion IS Ignored, the tumor may attain sufficient size to cause “frog face” 
deformity so often mentioned in the surgical literature of the 19th Century * 
Such a degree of facial deformity, consisting of prominence of the cheeks and 

* “Frog-face” deformity is a clinical manifestation associated with lesions other than 
jmenile nasopharj ngeal angiofibroma Benign and malignant neoplasms of the nasal 
cavity, nasopharj'nx, and maxilla not mfrequently occur in children, such as ossifying 
fibroma, sarcoma of the soft parts, lymphomatous tumors, and central myxoma As the 
growth expands and advances, the floor of the orbit is elevated (unilateral or bilateral), 
producing “frog-face” deformity 
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plate, and the cervical portion of the vertebral column The union of these 
bones, the fascial and tendonous structures which are attached to tliem, 
together with variously sized recesses produced by numerous mucosal folds 
and the cartilages of the eustachian tube (torus tubarius, fossa of Rosenmul- 
ler, etc), contribute to the unusual irregularity of the walls of the naso- 
pharyngeal cavity This irregularity makes complete surgical removal of a 
densely adherent broadly attached tumor, like nasophar3mgeal fibioma, diffi- 
cult if not impossible The peculiarities of the surgical anatomy of naso- 
pharyngeal fibroma will again be refeired to in the section on treatment 
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Fig 7 — Lateral Growth of Nasopharyngeal Fibroma Dia- 
gram of nasopharynx (coronal section) showing direction of 
growth frequently taken by nasopharyngeal fibroma After 
plugging the posterior nasal cavity, the tumor compresses the 
antrum, expands laterally into the maxilla, and may eventually 
I each the soft tissues of the cheek 


As an expanding tumor closes off the nasopharynx, voice changes may 
occur (rhtnolalta clausa) and, also, a loss of sense of smell In our senes, 
there is no instance of erosion of the base of the skull, although it has been 
described by Goldsmith 

The usual history m patients with juvenile nasopharyngeal fibroma apply- 
ing to Memorial Hospital followed a rather definite pattern an acute onset 
of recurrent epistaxis m boys from 12 to 15 years of age, usually preceded by 
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progressive nasal obstruction to which little or no attention had been paid 
With each incidence of epistaxis, the nose had been packed and the hemor- 
rhage temporarily arrested, only to recur with increasing frequency and 
severity. In most of the protracted cases there was marked local sepsis and 
sometimes partial necrosis of the tumor 

In about one-half of the cases in our series, previous operative attempts 
to remove the tumor had been made, frequently through the mouth and some- 
times by splitting the soft palate Usually two or three and in one case five 
operative efforts had been made In almost every instance where surgical 
removal had been undertaken, the operator admitted that he had abandoned 
the attempt to completely remove the growth because of ensuing hemorrhage 
In about 50 per cent of these failures, the diagnosis of “sarcoma” was made, 
the case was given up as hopeless, and the patient was referred to Memorial 
Hospital for palliative roentgen-ray therapy In some of the cases, prior to 
referral to us, snare removal of a “nasal polyp” had been tried, or the bleeding 
point had been cauterized, or, in five cases, tonsillectomy and adenoidectomy 
had been performed m the belief that the tonsillar hypertrophy was the cause 
of the symptoms All of these efforts had been followed by an increase in 
nasal bleeding 

In advanced and complicated cases such as described above, especially 
after incomplete surgical removal, there is usually an ill-defined, bulky, infected, 
partly necrotic, vascular tumor filling the nasopharynx and extending into one 
or both nasal cavities The picture is sometimes one of subacute sepsis, 
pansinusitis, otitis media, mastoiditis, anemia, and malnutrition which, if 
unrelieved, results fatally despite the fact that the neoplasm is essentially 
benign and self-limited in growth 

In contrast to the tragic picture of the advanced and neglected cases, 
many others, properly managed, follow a relatively benign course provided 
that the symptoms of an expanding growth and hemorrhage can be kept under 
control It IS probable that some cases of nasopharyngeal fibroma of moderate 
size occur and regress spontaneously without ever being discovered or pro- 
ducing any marked symptoms We have under observation at Memorial 
Hospital a case in which a nasopharyngeal tumor, undoubtedly a nasopharyn- 
geal fibroma, was discovered by us on routine physical examination in a 15- 
year-old boy The growth was not large enough to produce nasal obstruction 
and there had been no epistaxis No treatment has been given The tumor 
has been observed for two and one-half years and has remained about sta- 
tionary in size It IS probable that such asymptomatic nasopharyngeal fibromas 
may often occur and regress when sexual maturity is reached 

DIAGNOSIS 

The histones of the 29 cases m the present senes reveal that the correct 
diagnosis was seldom made by the physician first consulted In many instances 
a clinical diagnosis of malignant tumor was made and without further mves- 
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tigation radiation therapy was advised, in other cases, after ah unsuccessful 
attempt to remove the growth or the adenoids had been made, resulting m 
profuse hemorrhage, the patient was referred to us for treatment of ''sarcoma ” 
Such defeatist attitudes were the rule if the boy presented appreciable facial 
deformity or proptosis Only occasionally, when a biopsy had been performed, 
had an accurate diagnosis of juvenile nasopharyngeal fibroma been made 
Although the tumor is admittedly rare and on the basis of incidence will 
not be recognized by the casual examiner, nevertheless the unique anatomic 
and clinical setting of this neoplasm should plainly suggest the possibility of 
nasopharyngeal fibroma The clinical syndrome of rapidly progressive nasal 
obstruction, recurrent severe nosebleeds in pubescent and adolescent males, 
plus the presence of a discrete, ovoid or club-shaped, smooth, vascular and 
usually bulky nasopharyngeal mass, which has grown forward to block one or 
both choanae, justifiably wai rants a clinical diagnosis of nasopharyngeal 
fibroma It should be emphasized, however, that only by mirror examination 
of the nasopharynx through the open mouth, occasionally supplemented by 
direct rhmopharyngoscopic examination through the anterior nares, can the 
tumor be visualized and its essential character appreciated 

Stereoscopic radiographic examination of the base of the skull, paranasal 
sinuses, and nasopharynx is not only of value in determining the exact loca- 
tion and extent of the tumor, but is especially important in the differential 
diagnosis where a bulk)'’ growth in the head has brought about considerable 
deformity of the face or unilateral exophthalmos 

Differential Diagnosis There are several extra-nasopharyngeal lesions 
which produce either nasal obstruction, epistaxis, unilateral exophthalmos, 
deafness, or facial asymmetry, singly or in combinations Asymptomatic tume- 
factions may also be encountered in the nasopharyngeal or posterior nasal 
cavity which are occasionally mistaken for juvenile nasopharyngeal fibroma 
Choanal polyps can be distinguished from nasopharyngeal fibroma even 
when they occur in boys These growths are frequently multiple, bilateral, 
pedunculated and tend to appear in individuals suffering from an allergy 
They rarely exceed i 5 to 2 cm in diameter and resemble in every way the 
common and well-known pale, edematous polyps found in the anterior nasal 
cavities Microscopic examination of the tissue conclusively establishes the 
diagnosis 

Pharyngeal tonsil {adenoids) is a common cause of nasal obstruction and 
nasal speech in juveniles Hyperplastic lymphoid or granulation tissue in the 
nasopharjmx may even be responsible for recurrent nosebleeds, although 
rarely profuse There should be no difficulty m differentiating this condition 
from nasopharyngeal fibroma inasmuch as aggregates of lymphadenoid tissue, 
generally on the posterior nasopharyngeal wall, present a typical appearance 
consisting of irregular, conglomerate, soft, grayish-red masses which are 
distributed along the mucosa 

Benign minor salivary gland tumors, carcinoma, and malignant lymph- 
omas, though uncommon in the head and neck of children and adolescents, 

526 



Vbiumo 127 JUVENILE NASOPHARYNX 

Number 3 

occur with much greater frequency m the nasopharynx and posterior nasal 
cavity than nasopharyngeal fibroma and, i although they may pioduce symp- 
toms similar to those of nasopharyngeal fibroma, in no way resemble it on 
clinical examination 

Chordoma of the upper cervical vertebrae, malignant tumors of the nasal 
accessory sinuses, and pi imai y osseous neoplasms of the maxilla may pi oduce 
nasal obstruction, epistaxis, and facial asymmetry, but by caieful physical 
and roentgenographic examination these lesions can be tentatively diagnosed 
and differentiated fiom nasopharyngeal fibroma with little difficulty. We have 
seen chondroma in the posterioi nasal cavity, tuberculosis of a reti opharyngeal 
lymph node, and olfactoiy aesthesioneuroblastoma in the postnasal space, 
which clinically resembled nasopharyngeal fibroma in every way 

Biopsy — An effoit should always be made to establish the diagnosis by 
biopsy It IS prudent to hospitalize the patient for this proceduie so that, if 
necessary, satisfactory anesthesia and facilities for control of profuse hemor- 
rhage and for blood transfusions can be available Defeiment of biopsy is 
often wise if the patient is eithei bleeding actively or still recuperating from 
severe epistaxis or if theie is appreciable infection in the nasopharynx, para- 
nasal sinuses, or middle ear 

A straight biopsy forceps inserted directly backwaid through the nasal 
cavity or a curved foiceps inserted through the open mouth may be used to 
remove a specimen from a nasopharyngeal tumor The manipulations m either 
instance should be guided visually by a mirror or digitally by a finger 

Although biopsy is highly desiiable and usually essential m the diagnosis 
of neoplasms, it must be conceded that in some cases of nasophaiyngeal 
fibioma, despite the best of intentions, a positive histologic report cannot be 
obtained In some cases, a recurrent growth, after several operative attempts, 
IS largely necrotic and the local condition in the nasopharynx is one of 
advanced sepsis Repeated biopsies m such instances may show nothing more 
than necrosis or granulation tissue If the case is clinically typical m all other 
respects (age, sex, characteristic sequence of symptoms, anatomic location, 
gross appearance of the tumor), the diagnosis of nasopharyngeal fibroma may 
fairly be made even though not confirmed by a positive biopsy 

In our clinic where primary histologic confirmation is insisted upon, we 
nevertheless felt justified in making t diagnosis of nasophaiyngeal fibroma in 
five cases in which a positive microscopic repoit on the biopsy specimen 
could not be obtained, despite repeated attempts at biopsy in three of these 
The subsequent clinical course of these patients confirmed our initial belief 
that we were unquestionably dealing with nasopharyngeal fibroma 

TREATMENT 

A basic consideration in the treatment of nasopharyngeal fibroma is the 
fact that this tumor is anatomically and clinically benign, that with few excep- 
tions It will begin to regress spontaneously at about the time of sexual matur- 
ity, and from then on will cause no further trouble The real hazards consist 
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of the complications — hemorrhage, sepsis, facial deformity, and last but not 
least the effects of injudicious and over-aggressive attempts at complete erad- 
ication of the growth by suigery or radiation therapy Provided that the 
aforementioned complications can be kept under reasonable control during 
the period of adolescence by moderate irradiation or limited surgery, and sex 
hormone therapy, spontaneous regression almost uniformly occurs at the 
time of sexual maturity 

The types of deforming surgical procedures particularly to be avoided in 
nasopharyngeal fibroma aie approaches through the skin of the middle of the 
cheek (Langenbeck^®), temporary detachment of bone (Olliei^^) or exposure 
of the nasopharynx by splitting the soft palate We shall discuss the more 
restrained and judicious forms of surgical proceduie later in this report 

By over-aggressive and injudicious radiation therapy we mean any dose 
of interstitial radium (or radon) which is likely to produce radionecrosis in 
the tumor or adjacent palate, skin of the face oi bones of the skull, or the 
application of roentgen-radiation m such dosages and through ports so located 
and of such size as to arrest or markedly retaid the growth of the maxillae 
and other facial bones 

Once a diagnosis of nasopharyngeal fibroma is made, a systematic plan 
of management should be instituted, consisting of a combination of at least 
two and sometimes more methods of treatment First, if epistaxis has been 
marked, both external carotid arteries should be ligated and measures taken 
to improve the local hygiene, dispensing, if possible, with any nasal packing 
or tamponage which inevitably incites a vicious cycle of further hemorrhage, 
repeated tamponage, and sepsis Next, the administration of androgens ade- 
quate to induce the development of secondary sex characteristics without 
undue emotional imbalance should be instituted The amounts of testosterone 
propionate and/or methyl testosterone required probably are very different for 
each individual and may be a function of his chronologic and "developmental” 
ages At the same time radiation therapy (radium or roentgen-ray or both) 
should be given Lastly, if the tumor is so large as to produce complete 
blockage of the nasal cavity with an edematous, partly necrotic mass or with 
symptoms of pansinusitis, then some form of partial surgical removal should 
be considered The rationale and technic of these several therapeutic pro- 
grams will next be discussed sepaiately and in detail 

higahon of the EAtemal CaioHd Aitenes — This is one of the most direct 
and useful procedures in controlling arterial hemorrhages from any portion 
of the mouth, middle or upper pharynx, and nasal cavities It is an entirely 
safe and harmless procedure to ligate permanently both external carotid 
arteries at one operation Ligation of these blood vessels will not always com- 
pletely control hemorrhage from the nasal cavities and nasopharynx, but it 
will markedly reduce it 

While a portion of the arterial supply of the nasal cavities is derived from 
the internal carotid artery by way of the ophthalmic artery and its anterior and 
posterior ethmoidal branches, this source can hardly cause any major difficulty 
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A much more troublesome source of hemoirhage fiom the nasopharynx and 
nasal cavities is venous — from the pterygoid plexus which communicates not 
only with the anterior facial vein but also with the veins of the cranial cavity 
by way of the superior ophthalmic vein In any case, as compared with 
arterial hemorrhage, venous bleeding tends to be less profuse and the relatively 
low venous pressure may moie easily be controlled by temporary light 


tamponage 

Sex Hormone Thempy— This foim of therapy can be staited immediately 
in all cases without interfering with any other treatment measure A clinical 
evaluation of the status of sexual development should be made by frequent 
examinations to determine any change possibly brought about by androgenic 
therapy The state of the ossification centers, the level of urinaiy excretion of 
17-ketosteroids, caieful evaluation of secondary sex characteristics and emo- 
tional changes should be made at frequent intervals 

We had hoped at first to be able to control nasopharyngeal fibroma by 
endocrine therapy alone This has not proved possible m the few instances in 
which its limited use has been employed We have noted m these instances a 
definite and gradual elimination of the hemorrhagic tendency of the tumors 
associated with an acceleration of sexual maturation In particular this asso- 
ciation was observed in the case of an i8-year-oId male who was treated for 
several months with limited benefit by radiation therapy The intramuscular 
administration of 25 mg of testosteione propnonate four times each week 
effected a marked change of his secondary sex chai actenstics and a rapid 
disappearance of the tumoi in the space of one month 

Roenf gen -7 ay Theiapy — Practically all hemangiomatous lesions are at 
least moderately radiosensitive Fibrous tissue and fibromas in general are 
not radiosensitive In our opinion ladiation therapy is useful in nasopharyn- 
geal fibroma mainly as a measure to reduce the angiomatous component of 
the tumor, thereby assisting in the contiol of the hemoirhage and to some 
extent in the arrest of its growth We think it doubtful that radiation therapy 
in justifiable dosage can have much direct effect on the fibromatous elements 
of this neoplasm 


Radiation therapy is immediately indicated in bleeding nasopharyngeal 
fibroma but is of less value as initial treatment in bulky (6~8 cm ) edematous 
tumors in which the clinical picture is mainly one of facial defoimity and nasal 
obstruction from an expanding tumor Roentgen-ra}’- therapy can be instituted 
promptly, preferably through the open mouth and hard palate in posteriorly 
placed growths Additional roentgen theiapy may also be given externally 
through the maxillae, but here some thought should be given to the possibility 
of permanent damage to the development of the facial bones We have never 
been able to deteimme exactly what dose of roentgen therapy can be given 
safely ovei the germinal centeis of gi owing bones In general, we suggest in 
nasopharjmgeal fibroma not more than 1000-1500 r in divided doses through 
circular portals 5 cm in diameter over each maxilla (200-250 K V , 50 cm 
TSD, 1-114 mm coppei filtration) Even this dose may result in some 
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flattening of the cheeks as the boy reaches full stature The dose through the 
hard palate may be greater (2000-2500 r) with less dangei of late deformity, 
employing peroral circular or oval portals 3-4 cm in diameter By cross-firing 
the tumor through these three portals, a significant roentgen-ray dose can be 
delivered into the tumoi site 

Radmm Therapy — If the growth is bulky (5 cm or more in diameter), 
no significant radiation dose which may be considered safe can be distributed 
throughout the mass by interstitial radium 01 radon If the tumor is 
extremely vascular, the mseition of a trocar for implantation of seeds or the 
introdu-'tion of a radium needle is attended by profuse hemorrhage, necessi- 
tating immediate and firm tamponage Under such conditions, the procedure 
appears to cause as much harm as good even though the radiating sources 
remain in place 

Radium therapy m the form of gold radon implants is one of the most 
useful methods for control of nasopharyngeal fibroma provided the tumor is 
less than 5 cm in diameter and the dosage is fractionated and combined with 
other forms of treatment such as supplemental roentgen-radiation to the 
cheeks and palate and hormone therapy Seeds in doses of 5-6 mcs (unit 
strength i-i 5 mcs ) can be inserted either through the nasal cavity and/or 
the soft palate with the aid of the exploring finger passed behind the soft 
palate into the nasopharynx The dose may be lepeated once or twice at 
intervals of about a month Delevan® and Figi® have recommended that the 
mam reliance be placed on this method of treatment Radon seeds are also 
useful for the treatment of residual tumor or re-growth after surgical removal 
of large neoplasms which were too bulky for control by radiation therapy in 
the beginning 

Smgical Excision — It is not possible to obtain even a moderately wide 
surgical exposure of the nasopharynx except by operative proceduies which 
are not only immediately hazardous but also permanently deforming and 
disabling Whether the surgical approach is made through the maxilla 
anteriorly, the alveolar process, or the palate, the permissible size of the open- 
ing through the bone is limited to 3-4 cm , and the destination of the approach, 
that IS the cavity of the nasopharynx, is at a depth of 9-10 cm from the 
surface Deliberate and continued surgical dissection at such a depth in a 
highly vascular zone and through such a narrow aperature is simply not 
possible For these technical reasons, and the almost inevitable postoperative 
recurrence, surgical removal of nasopharyngeal fibroma, except when abso- 
lutely necessary, has never been regarded enthusiastically by experienced 
observers Nevertheless, in the larger tumors with marked facial deformity 
and progressive destruction of the maxilla or other adjacent bony structures 
by pressure necrosis, the bulk of the tumor should be removed or at least 
reduced by some expedient other than radiation therapy To this end several 
methods have been employed by others, such as avulsion by wire snare 
through the nasal cavity or mouth, destruction of the tumor in situ by endo- 
thermy, and by the direct trans-maxillary surgical approach 
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We have used several methods for the surgical removal of these and otlier 
varieties of tumors in the naso-pharynx, the selection depending mainly on tlie 
position and surgical anatomy of the growth In some cases where the naso- 
pharyngeal fibroma was not too large, we have employed the wire snare or 
simple avulsion by digital manipulations through the anterior nares and 
mouth Such simple maneuvers have at least the advantage of being non- 
deforming In otheis, we have approached the nasal cavity and nasopharynx 
through an incision in the uppei gmgivobuccal gutter (Rouge), but have 
found that unless a considerable portion of the nasal bones and nasal septum 
are rongeuied away this approach has little advantage over simple dilation of 
the anterior nares In some cases wheie the tumor extended directly forward 
through the antrum and anterior wall of the maxilla, we have developed and 
reflected a cheek flap (Weber-Ferguson incision), exposing the tumor 
directly from the front One of the most useful, least deforming, and least 
disabling approaches to the nasal cavity and nasopharynx is through the 
alveolar process anteriorly, just to one or the other side of the midline If 
teeth are present, about 4 or 5 are extracted, and the entire thickness of the 
alevolus removed exposing both the antrum and nasal cavity on that side The 
party wall between the nasal cavity and the antrum is then rongeured away 
and a fairly wide exposure of the nasopharynx obtained with adequate accessi- 
bility to the ethmoid and sphenoid sinuses The latter operation is followed by 
surprisingly little disability The opening in the alveolus shrinks down to 
about 2 cm in diameter and a dentist can provide a prosthesis which com- 
pletely covers the defect, inconveniencing the patient no more than would an 
ordinary full upper dental plate 

After the anterior aspect of the tumor has been exposed by an adequate 
trans-maxillary approach, the growth must be further mobilized from its 
attachment at the base If it were possible to dissect the mass from the under- 
lying bone, periosteum, or fascia, it would then be feasible to enucleate the 
tumor in its entirety Due to the irregular bony walls of the nasopharyngeal 
cavity, however, in addition to the generally broad dense attachment of naso- 
pharyngeal fibroma, complete surgical removal of the neoplasm cannot be 
effected, unless it is limited to the basilar portion of the occipital bone where 
the surface is smooth Residual tumor, therefore, will almost always be left 
behind, despite the good intentions of the surgeon In many cases appreciable 
recurrences, frequently ulcerated and infected, will appear and have to be 
treated with interstitial radiation 

The indication for any given method of surgical removal must be decided 
by the clinical setting in each case The selection of the proper time for oper- 
ation may also be important In general, we suggest deferment of any surgery 
in cases without marked defonnity, hemorrhage, or sepsis Such cases should 
be continued indefinitely under sex hoimone and radiation therapy Where 
hemorrhage is a serious complication or where surgical removal of the tumor 
IS contemplated, a bilateral ligation of the external carotid arteries should 
first be made, hormones given, and radiation therapy instituted By these less 
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aggressive measures, the hemorrhages may be arrested and the tumor reduced 
m size or at least brought under control In any case, these preliminary pre- 
cautions will markedly reduce the amount of bleeding at operation, if this 
finally becomes necessary 


Table I — Juvemle Nasopharyngeal Fibroma 


Tabulation of Methods of Treatment and Their Complications 



Method of Treatment 

Number Case 
of Cases Number 

Complications 

A 

X radiation 

9 

4 

Dryness of nasopharj nx 




8** 

Atrophy of maxilae 




9** 

None 




11 

Dryness of nasopharynx 




12 

None 




13** 

None 




IS** 

Otitis media, coarse features 





Otitis media 




*20** 

Died of rheumatic fever 

B 

Interstitial radiation 

S 

3 

Necrosis of palate 




5 

D,yness of nasopharynx 




*7 

Pansinusitis 




21 

None 




29** 

None 

C 

Interstitial and X radiation 

2 

2 

Dryness of nasopharynx 




6 

Dryness of nasopharynx 

D 

Surgical excision 

4 

*22 

None 




*24 

None 




*25** 

None 




*26 

None 

E 

Surgical excision combined with X radiation 

1 

*27 

None 

F 

Surgical excision combined with interstitial radiation 

2 

1 

Died of brain abscess 




*28 

None 

G 

Surgical excision combined with interstitial and 





X radiation 

4 

*10 

Died of brain abscess 





Necrosis of (hard palate 




*17 

Otitis media 




*18** 

None 

H 

Hormones only 

1 

14 

None 

I 

No treatment observation only 

1 

23 

None 


• Ligation of external carotid arteries 
Received hormone therapy 


METHODS OF TREATMENT SUMJLARIZED AND COMPARED 

Once the diagnosis of juvenile nasopharyngeal fibroma has been estab- 
lished, a therapeutic program should be adopted, subject to change as required 
by ensuing clinical developments As already mentioned, there is no one lyp2 
of treatment which is a panacea for any given case and in practically all 
instances a combination of methods must be employed Obviously, aside from 
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periodic examination, an active therapeutic regimen is not indicated for the 
occasional case where the tumor is discovered during routine physical exam- 
ination with no symptoms referable to it In the absence of nasal obstruction, 
nose-bleeds, impairment of hearing, infection of the paranasal sinuses or 
middle ear, facial deformity, exophthalmos, headache or any discomfort about 
the head, or evidence of progressive enlargement or significantly increased 
vascularity of the neoplasm, a policy of watchful waiting is justified This 
policy was followed in the case of one of our patients, age 15 on admission, 
and during a two-year period of observation the growth has remained, station- 
ary and asymptomatic 

Endocrine therapy was the only form of treatment which was prescribed 
m one case In ten others it was combined with some form of radiation thei- 
apy, surgery, or both With the combination of methods, sex hormone therap) 
was either utilized alone as the initial treatment and, following its failure to 
control the growth satisfactorily, radiation therapy was instituted, or both 
forms of treatment were begun simultaneously While no definite regression 
of the tumor was noted in any case in which the patient received only male sex 
hormone, it was our clinical impression that hemorrhages usually diminished 
in frequency and severity follow ing the use of hormones The basis for this 
observation may be due to the considerations included under etiology 

In our series, some form of radiation therapy, either alone or combined 
with one or more surgical piocedures, was resorted to in 23 cases (Table I) 
In nine of these, roentgen therapy was the only form of radiation employed 
and in this group late complications (dryness of nasopharynx, atrophy of 
maxillae, coarsening of features), attributable to the high dosages used to 
control the tumor, w'ere frequent, indicating that no one method of treatment 
can be depended on without courting the hazards of over-aggressiveness 
Because of its possible effect on the growth centers of the facial bones, roent- 
genradiation should preferably be reserved foi patients 18 years of age 
or older 

Interstitial radiation therapy was employed alone in five cases and was 
followed by serious complications in three instances In one, necrosis of the 
hard palate resulted, due to an unnecessarily large dose of gold seeds (total 
of 34 mcs inserted at three sittings over a period of twm years) In two, even 
more unfortunate developments followed massive doses of interstitial radiation 
(total dose of 32 me in one, 20 me in another after administration of 3000 r 
of 200 KV therapy through a single 6 cm cheek portal) Both patients 
developed extensive osteonecrosis extending into the sphenoid bone and finally 
succumbed to brain abscess At that time, about 20 years ago, w^e believed it 
essential to eradicate the grow^th completely in order to cure the patient and 
were not cognizant of the fact that simple control of tumor activity until 
sexual matunt}^ had been attained w^as all that was necessary 

From an analysis of our data, it is noteworthy that as a rule smaller doses 
of interstitial and roentgenradiation wull effectively control symptoms if the 
patient is receiving continued and adequate endocrine therapy, that bulky 
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tumors producing facial deformity or exophthalmos are followed by no com- 
plications when treated by primary surgical excision (four cases), and that 
residual tumors can be readily controlled with small doses of gold seeds 
inserted at frequent intervals 

During the period of radiation therapy, suppuration in the nasal accessory 
sinuses or middle ear occasionally supervenes and rarely mastoiditis may 
occur Such sepsis, together with the untoward systemic effect of radiation 
therapy in general, makes hospitalization for the treatment of many of these 
patients mandatory In this way local h3?gienic care, adequate nutiitional 
therapy, blood transfusions, and chemotherapy are made available 

PROGNOSIS 

As has been previously stated, if complications of hemorrhage, sepsis 
(pansinusitis, otitis media, etc ), and facial deformity by an expanding tumor 
can be prevented or even markedly reduced, little or no harm can come to the 
patient with nasopharyngeal fibroma and the growth will regress spontan- 
eously in practically all instances From a study of our cases it is plain that 
many of the most serious complications are brought on primarily by aggressive 
and ill-conceived therapeutic measures, such as poorly planned attempts at 
surgical removal without preliminary arterial ligation and inadequate exposure 
of the nasopharynx and secondarily by unduly vigorous endeavors to control 
further growth by radiation therapy In such cases the patients would have 
been much better off without any treatment whatever 

Juvenile nasopharyngeal fibroma is not essentially a malignant tumor It 
does not invade adjacent tissues and its destiuctive capacities are entirely due 
to pressure atrophy of contiguous structures by the enlarging mass So far 
as we know, there is no well authenticated instance of malignant transforma- 
tion of this tumor In one case of the present series, the patient developed 
numerous recurrences, one of which showed on microscopic examination 
unusual cellularity and localized areas of malignant transfoimation Seven 
subsequent recurrences were examined histologically, however, and none of 
these revealed any unsual changes During the thiee years that have elapsed 
since the suspected malignant recurrence was noted, the tumor has not shown 
any evidence clinically of malignant propensities Although Shaheen^® stated 
that some of his cases underwent “carcinomatous and sarcomatous” changes, 
as mentioned eailier in this discussion, his senes was not critically selected 
and in our opinion his conclusions are therefore unacceptable We suspect that 
Shaheen’s cases of “malignant transformation” were actually malignant naso- 
pharyngeal cancers and not nasophaiyngeal fibromas in the beginning Two 
isolated case reports of malignant nasopharyngeal fibroma appeared m the 
literature in 1904 and 1912^'*’ ® but here again the presented evidence is 
entirely unconvincing Some of these errors undoubtedly arose from a mis- 
taken morphologic interpretation of a highly vascular and highly cellular tumor 
as “angiosarcoma ” Although the tumor in Wirth’s patient-® m the beginning 
simulated nasopharjmgeal angiofibroma in some respects the predominant 
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picture was that of chondrosarcoma, and it metastasized as such, since this 
case IS complex and at complete variance with the accepted criteria necessary 
for a diagnosis of juvenile nasopharyngeal angiofibroma, it would hardly be 
reasonable to classify it as such 

In brief, the prognosis in a case of juvenile nasopharyngeal fibroma prop- 
erly managed is excellent so far as the question of life is concerned The 
greatest hazard both as regards life and permanent disability lies in injudicious 
treatment either by radiation therapy or surgery As we have pointed out, 
the growth is practically incurable from the standpoint of its complete eradica- 
tion and prevention of recurrences before sexual maturity is attained After 
sexual maturity has been reached, however, the growth will disappear spon- 
taneously in most instances 


END-RESULTS 

Practically all patients with nasopharyngeal fibroma should recover and 
become symptom free when sexual maturity is reached In our series there 
were two deaths due to brain abscess, resulting from over-dosage with inter- 
stitial radiation A third patient succumbed to acute rheumatic fever just 
after the onset of treatment for nasopharyngeal fibroma 

SUMMARY 

The thesis has been advanced that juvenile nasopharyngeal fibroma occuis 
only in pubescent males For other reasons, namely its spontaneous or 
readily induced regression with the appearance of full sexual development, a 
sex-endocrme relationship for this tumor probably exists Although its histo- 
genesis has not been definitely established, a vasculai oi igin is proposed in this 
leport This proposal is based on specific involutional changes which can be 
induced with male sex hormone therapy and iriadiation The induction of 
vascular changes bj hormone administration has considerable experimental 
support 

Even though nasopharyngeal fibroma is essentially benign, it frequently 
produces serious and disabling symptoms because of its progiessive growth 
and tendency to profuse hemorrhage The indications, methods, and hazards 
of both radiation and surgical treatment m combating these symptoms are 
discussed The trend on the Head and Neck Service at Memorial Hospital 
has been to employ one or more of these methods of treatment in an eftort to 
control the growth since, in most cases, spontaneous i egression can be expected 
after sexual maturity Aggressive measures either by iriadiation oi suigeiy 
will never completelv and permanently eradicate the neoplasm and will involve 
considerable risk of ultimate disabililv oi even death 
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a surgical procedure dealing with the diseased disc has been devised, using 
the transpei itoneal approach with ox bone implantation The objective, ana- 
tomic and physiologic principles, operative treatment, and follow-up statistics 
are presented 

The object of this procedure is 

I To completely remove the entire diseased disc with the cartilaginous 
end plates of the adjacent vertebrae 



Fig 1 — Demonstrates abdominal incision Important pelvic structures, and 
location of Sth lumbar disc 


2 To wedge the disc space open with an ox bone implantation in order to 
maintain normal space between the vertebrae until firm bony fusion is 
obtained 

There are several undesirable features in the posterior approach by 
partial laminectomy, which have contributed in some degree to the large num- 
ber of unsatisfactory results The usual approach by hemilaminectomy fre- 
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produce a further herniation of the remaining nuclear material, with a subse- 
quent return of symptoms Due to removal of the nuclear material, there is a 
tendency, first, toward subsequent narrowing of the disc space with resulting 
imbalance of weight bearing between the vertebral bodies and the correspond- 
ing facets and, second, joint instability We have not obtained the desirable 
features of bone graft fusion and normal disc space by the posterior approach 


Wedfies.of annulus removed 



Fig 3 — (A) Removal of all material withm the disc cavity 

(B) Shows exposure of posterior longitudinal ligament with defect after complete 

removal of disc contents 


In removing diseased discs, by the anterior transperitoneal route, the fol- 
lowing results, which we believe beneficial, have been obtained (i) Good 
exposure to the entire disc space and cartilaginous end plates (2) The 3rd, 
4th and 5th discs can be examined and treated through the same abdominal 
incision (3) Removal of the entiie disc and all cartilaginous end plates, suffi- 
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INTERVERTEBRAL DISC 


cient to obtain good bony union, can be accomplished (4) Hemorrhage is 
easily controlled and does not occur into the spinal canal, and no trauma 01 
retraction of the cord or nerve roots are necessary. (5) A large bone implan- 
tation can be wedged into the disc space to prevent narrowing until solid bony 
fusion between the adjacent vertebral bodies has taken place. These are major 
factors m determining a recovery from symptoms of degenerated disc. 

Some knowledge of anatomy of the abdominal cavity is necessary in carry- 
ing out the technic of the transperitoneal approach The blood supply and 
mesenteric attachments of the lower ileum and colon, the relationship of the 
pelvic portions of the lower ureter to the spine and great vessels, and the 
relationship of the lower vena cava and common iliac vessels to the vertebral 
bodies should.be thoroughly understood (Fig i) 



Perforation in post Ug 


Fig 4 — (A) Anterior view demonstrating removal of cartilaginous end plates exposing 

cancelous bone to promote fusion 

(B) Same procedure in cross section 


SURGICAL PROCEDURE 

In carrying out this procedure, the incision is paramedian from the 
symphysis to 3 inches above the umbilicus (Fig i) The rectus sheath is 
incised i inch lateral to the midline, rectus muscle retracted laterally, peri- 
toneum incised, and the abdomen explored for any pathologic condition 
Slight Trendelenburg position is obtained to keep the intestines in the upper 
abdomen The redundant part of the sigmoid, cecum, and small gut is then 
displaced in the upper portion of the abdomen and maintained with moist 
laparotomy sponges to give good exposure to the lower lumbar and pelvic 
portion of the posterior peritoneum The pelvic portion of the colon is then 
retracted to the left, after identifying the ureters An incision is made m the 
posterior pelvic peritoneum in the midhne, beginning over the sacrum and 
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extending to the bifurcation of the aorta (Fig i) The kidney bar on the 
operating table, previously placed beneath the 4th lumbar vertebra is now 
elevated sufficiently to push the lumbar spine into hyperextension and forward 
into the abdominal cavity This gives better exposure and makes as wide as 
possible the intervertebral disc space in the lower lumbar spine, considerably 
increasing the access to the space to be opened From 1-2 inches below the 



Fig 5 — Method of inserting ox bone crescent and peg in disc space 


bifurcation of the aorta, the 5th disc is located by palpation between the 
common iliac vessels and is distinguished by the palpating finger by a distinct 
elevation with a rubber)’- consistency as contrasted to the hard vertebral bodies 
The presacral sympathetic nen^e plexus and veins are freed by blunt dissection 
and retracted to one side, thus completely visualizing the anterior longitudinal 
ligament over the prominence of the 5th lumbar disc The disc can then be 
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examined for consistency By lowering the kidney bar to reduce the lordosis, 
an estimate of disc narrowing is obtained. 

To enter the disc space the kidney bar is re-elevated and a transverse 
incision made across the anterior longitudinal ligament at the lower margin 
of the 5th veitebra sufficient to give access to the entire anterior disc space 
A vertical incision is made from the mid portion of the transverse incision to 
the upper margin of the sacrum This allows for the turning back of a flap 
of the anterior ligament to give access to the entire nuclear mateiial (Fig 2) 
The state of the nuclear material can then be easily ascertained The contents 
of the disc space are easily removed by a cm ette, with a deep cup, and a sharp 
cutting edge, which facilitates the cutting away of the cartilaginous end 



Fig 6 — Closure of disc space by suture of anterior longitudinal 

ligament 


plates, as well as the nuclear material It is necessary for the handles of the 
curette to be about 8 inches in length, with a cross bar at the proximal end 
to get sufficient leverage and motion to cut away the bands of the annulus 
fibrosus and cartilage The disc contents are removed until the ligaments 
retaining the disc are visible aiound the entire disc space (Fig 3, A & B) 
Often there is relaxation and bulging of the ligament outward, due to previous 
degeneration of the disc material, allowing the disc space to narrow and bulge 
This outward bulging may be most prominent on either side or posteriorly, 
and It IS always more prominent in these locations than anteriorly since the 
annuli fibrosi are stronger and several times thicker anteriorly than on the 
sides or posteriorly The ligaments at the posterior and lateral sides are then 
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thoroughly explored with a small blunt instrument to indicate any weakness 
or defective space at the site where preoperative clinical findings have sug- 
gested nerve root pressuie If defects or openings are found, they are further 
spread open to ascertain if a portion of the nuclear material has been extruded 
through the defect (Fig 3B) Such material, if found, is removed After 
sufficient search has been made to determine that all nuclear material has been 
excised, the cartilaginous end plates are completely removed from the surface 
of the vertebrae by a sharp curette or chisel (Fig 4, A & B) This pro- 
cedure IS done last, as it may cause considerable oozing of blood If done 
before a thorough search of the disc has been made, it may obscure a defect 
in the ligament or a portion of nuclear material m the lateral gutter If 
bleeding is too free following removal of the end plates, a tight packing with 
a gauze sponge for seveial minutes will usually suffice to control it 

To maintain the disc space in its normal width while fusion is progressing, 
a specially prepared ox bone wedge is used This was selected on the basis 
of surgical work pieviously reported by OrelF working on fractures, in which 
he demonstrated that ox bone heterogenous implantations made an excellent 
bridge and were slowly absoibed over a peiiod of fiom 12-20 months, grad- 
ually becoming a spongy mass thiough which new capillaries and osteoblasts 
could permeate and form new bone This course of events permits gradual 
replacement of the ox bone wedge by homologous bone from the adjacent 
vertebral bodies and leaves less chance for naii owing during the fusion 
process The ox bone wedge now used consists of a crescent shaped piece 
with beveled edges, which is driven into the posterior portion of the disc space 
with the spine hyperextended (Fig 5B) Between the wings of the crescent 
wedge, a large square bone peg of the same mateiial is driven, being pre- 
viously measured to fit just inside the Avings of the crescent (Fig 5C) This 
almost completely fills the disc space Following Avedgmg of the disc space, 
the flaps of the anterior ligament are closed and sutured over the disc space 
in their normal position, thus completely encasing the ox bone ivithin the disc 
space (Fig 6) The kidney rest is lowered, reducing the hyperextension of 
the spine and spreading the disc space open wider by impinging on the ox 
bone wedge 

Exposure of the 3rd and 4th disc spaces is slightly more technical than 
that of the 5th However, complete visualization can be accomplished This 
IS due to the fact that the 5th disc lies below the bifurcation of the great 
vessels, whereas, the 3rd and 4th are beneath the aorta and vena cava 
Exposure of the 3rd and 4th is leadily achieved for examination, and it is 
always done if there is any clinical evidence of nerve root irritation or joint 
instability on examination previous to surgery This is done by extension 
upward on the posterior peritoneal incision over the iliac vessels either to the 
right or left of the midline and along the lateral border of the spine, sufficiently 
to expose the 3rd and 4th discs If the incision is on the right side, the ureter 
IS retracted outward and the loose areolar tissue gently dissected through 
until the lateral border of the vena cava is visualized A short bladed right 
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POSTOPERATIVE CARE 

Postoperative care has been most conservative, in order to arrive at a 
definite conclusion as to the ideal convalescence which will not interfere with 
fusion Measures to combat gaseous distention and phlebitis are followed 
The patients are placed in bed with firm rigid support beneath the mattress 
No braces or casts are applied at this time The patients are kept m a supine 
position on a hard surface for 30 days X-rays of the lumbar spine are then 
taken and a body cast is applied to cover the entire lumbar spine and sacrum 



Fig 8 — (a) (Left) AP X-ray for position of bone implantations 30 days postoperative 
(a) (Right) Lat X-ray for position of bone implantation 30 days postoperative 


The lumbar spine is held in slight hyperextension Some patients have insisted 
on being out of bed on the 15th postoperative day because they have felt 
normal Against our advice, this was done by three patients without support, 
and they developed no back complaints The patients are allowed to be 
ambulant and to return to their homes after the application of the cast and 
examination, including roentgenograms, for evaluation of progress If con- 
valescence is satisfactory, they are then supplied -with a lumbosacral belt and 
instructed to refrain from strenuous use of the back, they return at monthly 
intervals for further check-up examination, including physical examination, 
check on symptoms, and roentgenograms, to determine the progress of fusion 
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This procedure was fiist staited at the Marine Hospital on February 27, 
1946, and to the present date all discs requiring surgery have been treated 
m this manner 

CLINICAL IvIATBRIAL 

A diagnosis of herniated nucleus pulposus was made in 97 cases admitted 
to this hospital between February i, 1946, and February i, 1947 All patients 
were treated conseivatively by peridural block, traction, or plaster body cast, 
or a combination of these until such treatment was found ineffectual in the 
individual case Thirty-six cases either failed to respond to such treatment 
or then improvement was insufficient to allow leturn to a gainful occupation 
These 36 cases were subjected to surgery and form the basis of this report 



k. 


Fig 8 — (b) (Left) AP X-ray for progress 5 mos postoperative Fusion present 
(b) (Right) Lat X-ray for progress 5 mos postoperative Fusion present 


Of the patients undergoing surgery, 29 were males and 7 females. The 
average age was 319 years — the youngest 18 years and the oldest 52 Twenty- 
nine of the patients followed manual occupations , 7 held sedentary positions 
The average duration of symptoms at the time of surgery was 19 7 months 
Of the 36 cases undergoing surgery, i case had sciatic neuiitis alone, 3 cases 
had back complaints and findings without neurological changes in the lower 
extremities, and the remaining 32 cases had back and lower extremity symp- 
toms and neurological findings 

Roentgen examination of the lumbar spine (A-P and lateral) revealed 
Narrowing of the suspected space in 8 cases, evidence of previous partial 
hemilaminectomy m 4 cases , spondylolysis m 3 cases , spondylolisthesis in i 
case, congenital defect of the lamina in i case, and lumbaiization of the 1st 
sacral vertebra in i case Pantopaque myelography appeared indicated in 7 
patients to substantiate further the diagnosis of herniated nucleus pulposus 
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or to rule out mtravertebral canal pathology The test was suggestive of the 
former in 3 patients and negative in 4 

FINDINGS AT SUHGEKY 

At the time of operation, 25 of the 36 cases (69 4 per cent) had single disc 
lesions as follows Lumhar IV — 3 patients, Lumhar V — 22 patients Eleven 
of the 36 cases (30 6 per cent) had multiple disc lesions as follows Lumhar 
III and V — I patient, Lumhar IV and V — 9 cases, Lumhar V and VI — 
I case 



L _ 

Fig 9 — (a) Lat X-ray for position of bone implantation 30 days postoperative (b) Lat 
X-ray for progress ii mos postoperative Fusion present 

POSTOPERATIVE COMPLICATIONS 

Postoperative complications occurred m 5 patients, or 14 per cent, as 
follows Phlehothromhosis (femoral vein) 2 cases (56 per cent) , wound 
separation l case (28 per cent) , hypostatic pneumonia i case (28 per cent) , 
cystitis (acute) i case (2 8 per cent) Of the 2 cases of phlehothromhosis, i 
was of minor intensity and had no sequelae The other patient continues to 
have minor residual swelling of the involved extremity The postoperative 
wound separation occurred on the nth postoperative day in a very ohese and 
uncooperative patient Evisceration did not occur However, he developed 
a ventral hernia which has subsequently been repaired The hypostatic pneu- 
monia occurred on the 5th postoperative day and was controlled within 48 
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hours by chemotherapy The patient had no sequelae The complication of 
postoperative cystitis appeared on the 5th day of convalescence and was sec- 
ondary to catheterization Forced fluids and sulfadiazine controlled this com- 
plication within a period of three days 

RESULTS 

Since the time of surgery, the patients have been followed as outlined 
previously All cases, with one exception, have returned for monthly 
check-ups This patient was last seen after his 4th postoperative month, at 


Table I 



Back 

S\ mptoms 

Leg 

Svmptom® 

Neurologic 
r indings 


General Status 

Cases 

Percent Total 

Less than 4 month® 

Unchanged 

2 

1 

1 

1 

2 9 per cent 

f 10 cases) 

Improved 

8 

1 

1 

9 

25 7 percent 


Asjmptomatic 

0 

8 

8 

0 


4-8 months 

Unchanged 

0 

0 

0 

0 


(14 cases) 

Improved 

t3 

8 

4 

13 

37 0 per cent 


Asj mptomatic 

1 

7 

10 

1 

2 9 per cent 

8-12 months 

Unchanged 

I 

1 

0 

1 

2 9 pei cent 

( 1 1 cases) 

Improved 

4 

2 

4 

5 

14 3 percent 


As> mptomatic 

6 

8 

7 

5 

14 3 per cent 


Total unchanged 


5 8 per cent 





Total improved 


77 0 per cent 





Total asymptomatic 

17 2 per cent 





Table I — Tabulation of symptoms and general status of cases m postoperative periods 
from I to 4 mos — 4 to 8 mos — and 8 to 12 mos 


which time he was asymptomatic Since he has subsequently been lost for 
follow-up examination, his case has been excluded from the result series 

Final results at the time of this writing are, of course, impossible to 
evaluate, since inadequate time has elapsed Furthermore, the series is too 
small for statistical value However, definite trends toward an ultimate result 
can be seen For convenience of analysis the postoperative status of these 
cases has been divided into 4-month periods as follows 

Less than 4 months — 10 patients 
4 to 8 months — 14 patients 

8 to 12 months — ii patients 

Table I utilizes the above grouping and tabulates the status of the patients 
at the time of this writing In brief, 2 or 5 8 per cent, of the 35 cases are 
unchanged, and 6, or 17 2 per cent, are asymptomatic The remaining 27 
cases, or 77 per cent, are improved However, without exception m this 
improved group, residual symptoms and findings have decreased in intensity 
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and frequency in direct relationship to the length of time from the date of 
surgery This observation tends to indicate that eventually these patients will 
be classified as symptom-free Generally the chart demonstrates that this 
complete recovery is slow This is to be expected, since advaiced bony fusion 
of the involved intervertebral joint is necessary before the patient becomes 
completely asymptomatic This principle is substantiated in the roentgen-ray 
findings which are tabulated in Table 2 Those patients in whom there is 
demonstrated bony fusion by roentgen-ray are as}’^mptomatic 

It has been found that bony callus appears m 3-4 months in some cases 
Fusion IS usually not seen by roentgenograms until the 8-12 month period 


Table 

II — X-tay Findings 


Time Inler\ik 

Callus Absent Callus Present 

Fusion Present 

Less than 4 months (10 cases) 

S 5 

0 

4-8 months (14 cases) 

0 13 

1 

8-12 months 

0 S 

6 



7 


Table II — X-ray findings in postoperative cases indicating progress of fusion in the 

4 mos period of the ist year 


At the present time one case demonstrates early fusion in the 4-8 month group 
(Fig 8) One of the cases m the 8-12 month group demonstrates fusion and 
IS illustrated m Fig 9 

All patients have been advised most consert ativel}’’ in regard to returning 
to duty or work It has been our feeling that definite harm to the softened 
bone graft and early callus might be produced by too strenuous activit) 
Though many patients have felt capable of performing duty after three 
months of convalescence, we have not recommended their return to vork 
until there is adequate evidence of early fusion or advanced callus formation 
Table 3 tabulates the vork status of the 35 cases As may be seen in the 
table, these patients do not return to duty until after the 4th month of 
convalescence Fourteen patients or 40 per cent have returned to duty 

At this time, one of the 8-12 month group is considered as unsatisfactory 
The patient’s symptoms of back pain have not shown enough improvement 
for any rehabilitation, the sciatic symptoms are improved, and callus forma- 
tion IS present on roentgen-ray examination 

This procedure has been devised as an attempt to improve on some of the 
undesirable features of the posterior approach and the surgical treatment of 
sjTOptoms caused by degeneration of the intervertebral disc It is realized that 
meticulous care must be used to exclude other diseases and intra-spinal 
lesions before carrying out this procedure , although it gives excellent 
exposure to the disc, it does not allow for complete exploration of the spinal 
canal and cord Further, it is our opinion that all clinical symptoms and 
physical findings should be carefully analyzed to localize the nerve roots and 
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disc spaces before surgery, thus effecting a better evaluation of the findings 
at operation with the pieoperative symptoms It is realized that as small a 
series of cases as is now presented will not be sufficient to make a definite 
evaluation as to its efficiency m treating degenerated discs Neither is the 
duration of time that has elapsed since surgery sufficient to allow a final con- 
clusion on this small series However, we believe there are certain aspects 
in the principles applied and trends in the beneficial results so far obtained 
which make this publication wmrth while 


Table III — Duty Status 


Time Interval 

Off Duty 

Light Duty 

Full Duty 

Less than 4 months (10 cases) 

10 

0 

0 

4-8 months (14 cases) 

9 

3 

2 

8-12 months (11 cases) 

2 

3 

6 


21 

6 

8 


(60 per cent) 

(17 1 per cent) 

(22 9 pe. cent) 


21 

6 

8 


<60 per cent) 

(17 1 per cent) 

(22 9 per cent) 


Table III — Duty status of postoperative cases, arranged in 4 mos periods during 1st year 

CONCLUSIONS 

1 A method of complete removal of either the 3rd, 4th, or 5 tli lumbar 
intervertebral disc, with technic to fuse the joint, is presented 

2 The principles and technic are outlined 

3 This procedure has been used since February 27, 1946, in 36 cases of 
herniated intervertebral discs Postoperative complications have occuried m 
five patients. There have been no deaths 

4 A preliminary survey of monthly follow-up studies on 35 of the 36 
postoperative cases reveals six cases asymptomatic, 27 improved, and two 
unchanged The course of improved cases is toward complete recovery from 

, symptoms existing prior to surgery Fourteen patients have resumed eithei 
light or regular duty 

5 The obliteration of the involved disc space by bony fusion is necessary 
for complete amelioration of symptoms 
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A SIMULTANEOUS ABDOMINAL AND PERINEAL APPROACH IN 
OPERATIONS FOR IMPERFORATE ANUS WITH ATRESIA 
OF THE RECTUM AND RECTOSIGMOID 

J E Rhoads, M D , R L Pipes, M D , and J Perlingiero Randael, M D 

FROM THE DEPARTMENTS OF SURGERY A^D PEDIATRICS HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA 

AND THE DEP \RTMENTS OF PEDIATRICS AND PATHOLOGY CHILDREN S HOSPITAL OF PHILADELPHA 

There is a small group of patients with imperforate anus which pre- 
sents difficult surgical problems because the large bowel is absent or has no 
lumen from a point within the peritoneal cavity to the anal dimple so that it 
cannot be reached satisfactorily from the perineum These cases correspond to 
Type III of the Ladd and Gross^ classification 

In two such patients in whom the sigmoid, as outlined by roentgen ray, 
stopped at a point about half-way between the anal dimple and the umbilicus, 
we have carried out a one-stage abdomino-penneal procedure working 
through both perineal and abdominal incisions at the same time We believe 
the simultaneous appioach has certain advantages which may help to make 
the one-stage operation feasible 

The mortality m the two-stage procedure, as reported by five 
authors,^’ ° has been discouragingly high, and in the single case in 
which a one-stage abdomino-penneal operation was reported the patient died 
We presume that this opei ation v as done along the conventional lines used for 
resection of rectosigmoid carcinoma in adults, that is, the abdominal stage 
was completed first and then the perineal stage w'as carried out (Table I), 
but no details w^ere given 

Brief case reports of these tw'o infants are as follows 

Case 1 — H L , a 6-pound, 9-ounce male bab> 24 hours old, was admitted to the 
Hospital of the University of Pennsylvania on August 19, 1944 Physical examination 
showed only a small dimple in the anal region and w'as otherwise negative Roentgen-raj 
examination by the Wangensteen-Rice® method show'ed gas in the colon approximate!) 

4 5 cm from the anal dimple The child was operated upon under open drop ether the ‘ 
same day The skin w'as prepared from the clavicles to the toes aii^'rfllF'^lMW was 
placed on a sterile sheet A perineal approach was first attempted, but the bow'el could 
not be reached from below' The abdomen w’as then opened through a low left rectus 
incision The lower end of the large bowel w'as found to be bound down tightlj to the 
posterior abdominal wall The lateral peritoneal folds w'ere dnided and the bowel freed 
With the fingers of one hand in the perineal W'ound and the other hand m the pelvis 
through the abdominal incision, an opening w'as made from the pelvis to the perineum 
The bow'el was then guided bimanually dow'n through the perineum and 5 o centimeters 
of the distal portion of the large bowel exteriorized The abdominal wound was then 
closed The portion of bow'd exteriorized was opened and a No 24 F soft rubber 
catheter inserted The bow'el was then closed around the catheter On the third post- 
operatne day the exteriorized bowel was excised and the edges of the bowel sutured 
to the perineum 

After operation the bab\ w’as maintained w'lth parenteral fluids for 48 hours On 
the third postoperatn e day a skim milk formula was instituted On the sixth postoper- 
ative day the baby had its first normal bowel movement 
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The subsequent course of this patient was disappointing Although the intestinal 
tract functioned satisfactorily, the child did not gam properly, and it was found that the 
blood urea nitrogen was elevated After three months the child finally died on December 
30, 1944, apparently m uremia Autopsy revealed bilateral hydro-ureter and hydro- 


Table I — The Mortality of Two-Stage Operations for Imperforate Anus {Type III 

of Ladd and Gross') 


Author 

No of 
Cases 

Mortaht> 

% 

Berman (2) 

2 

SO 

Qumland (3) 

5 

too 

Fitchet (4) 

10 

80 

Helwig (5). 

3 

100 

Ladd and Gross* 

43 

72 


* Ladd and Gross" report 1 case of a one stage abdomino- 
perineal repair which was unsuccessful 



Fig I — Anteroposterior and lateral roentgenograms of J D (Case 2) before operation 
obtained by the method of Wangensteen and Rice 


nephrosis, but there was no evidence at autopsy that the ureters had been damaged at 
operation It was thought at one time early m the patient’s course that there was a 
urethral fistula in the perineum, but no evidence of this could be found at autopsy, and 
the obstruction appeared to be at the lower ends of the ureters 

Case 2— -J D , a 5-pound, 12^-ounce male infant, was admitted to the Hospital of 
Ae University of Pennsylvania when 24 hours old with a diagnosis of imperforate anus 
Physical examination re\ealed a small dimple where the anus should have been and a 
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slight hypospadias The infant was in good condition with no evidence of dehydration 
Roentgen-ray by the Wangensteen-Rice® method revealed a distance of approximately 7 0 
centimeters between the anal dimple and the distal end of the descending colon (Fig i) 



Fig 2 — D ( Case 2) Position of the patient on the operating table showing both 
the abdominal and perineal incisions The entire skin surface from the axillae down was 
prepared The m dwelling urethral catheter is shown Moderately distended bowel is seen 
in ■file abdominal incision 

Fig 3 — D (Case 2) The anterior wound completely healed just prior to dis- 
charge from the hospital 


A combined one-stage abdominoperineal repair as described in Case i was carried 
out, the only difference in the technic being that a small catheter was placed m the 
bladder to aid in preventing injury to the urethra at the time of operation (Fig 2) 
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Postoperatively the infant did well, and in 36 hours was maintaining fluid balance 
orally The infant remained in the hospital 29 days At the time of discharge the infant 
was on an evaporated milk formula suitable for a child of this age The perineal 
colostomy was functioning well His weight at the time of discharge was 7 pounds, o 5 
ounce Figures 2 and 3 show the wounds shortly before he left the hospital 

At two and a half months of age, the child weighed 12 pounds, 8 ounces, and the 
perineal colostomy continued to function well At the age of eight months the weight 
was 18 pounds, and the child appeared healthy 


DISCUSSIC N 

Lee"^ has commented on the frequency with which other abnormalities, 
particularly those of the uiinary tiact, are associated with imperforate anus 



Fig 4 — D (Case 2) The posterior wound just prior to discharge 
from the hospital There is still a little redundancy of the mucosa and a 
small amount of granulation tissue is present The absence of sphincter 
control permits frequent small evacuations which have resulted in some skin 
irritation in spite of frequent changing of diapers The irritation has never 
become severe 


As far as the pathologist could determine at autopsy, the hydro-ureters, which 
developed in the first case, weie not the result of the operative interference 
but were a congenital abnormality We felt that the survival time of three 
months was sufficient to indicate the safety of the operation unless there was 
evidence that the opeiative procedure was responsible for the disease of the 
urinary tract 

The prognosis of patients, such as the two described, will always be deter- 
mined largely by the supportive treatment which they receive, and it may well 
be that the survival of these infants was due more to improvements in the 
supportive treatment than to any inherent factors in the operative procedure 
itself Nevertheless, since statistics collected from the literature show that 
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colostomy alone has been an unsatisfactory procedure in infants with imper- 
forate anus, we see certain advantages m the approach which was used in 
these two patients First, in a certain number of the cases one would be 
successful m exteriorizing the bowel through the perineal wound before 
opening it Second, if, through necessity or accident the bowel was opened in 
the peritoneal cavity, the meconium would probably still be sterile and the 
danger of peritonitis correspondingly less than it would be at the time of the 
second stage of the two-stage procedure By doing the procedure all in one 
stage one does not face the possibility that the patient in whom a two-stage 
operation is planned will fail to improve sufificiently to permit the second stage 
of the operation 


CONCIiTJSIONS 

A one-stage abdomino-perineal operation is suggested for certain cases of 
imperforate anus m which the colon cannot be reached safely from the 
perineum The operation is facilitated by preparing the skin of the entire baby 
from the axillae to the toes so that the two approaches can be used 
simultaneously 

Two cases are repoited, one child surviving three months at which time he 
succumbed with iiiemia and the other surviving and healthy at eight months 
of age 

The authors are indebted to Dr A V Dapena for the pathological examination 
of H L (Case i) 
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ACUTE PANCREATITIS* 

Constantine J. MacGtjire, M.D., and Alexander J Conte, M.D. 

New Yoek, N. Y 

The primary purpose of this paper is to present our experiences with 
acute pancreatitis at St Vincent’s Hospital in the ten years between 1936 
and 1946 

Acute pancreatitis is not entirely a specific diagnosis so we decided to 
include m our analysis only those cases which had a sudden acute clinical onset, 
with diagnosis confirmed either by markedly elevated blood amylase, operation 
or autopsy In the cases operated upon or subjected to autopsy we included 
only those showing marked edema of the entire gland without rupture or a 
rupture of the gland with fat necrosis and bloody exudate This cut down the 
number of our cases to 30, an average of three a year 

Before discussing the findings in these cases we would like to have a brief 
review of the subject in general 

The internal secretion of the pancreas is mainly insulin The external 
secretion is (i) coagulable protein , (2) inorganic constituents , and (3) three 
enzymes — (a) trypsin pro tealy tic , (b) amylase (pancreatic diastase) amylo- 
lytic,and (cj lipase (lipolytic) 

We are particularly interested in amylase because m acute pancreatitis 
there is a temporary diffusion of amylase in the blood Amylase is also found 
in small amounts in urine, lymph, feces and milk 

Seventy to 200 milligrams of sugar will normally be formed by the action 
of 100 cc of blood Values above 200 or below 60 are distinctly abnormal 
Marked elevations of blood amylase from 500 units to as high as 3,cx)0 are 
almost always found m the acute cases of pancreatitis, as defined previously 
The peak is reached usually in 12 to 24 hours, but occasionally as late as 48 
hours After the peak there is usually a precipitous but occasionally a gradual 
fall to the normal level in two to six days after onset 

The absence of such an increase in serum amylase within the first six to 24 
hours after the onset of acute symptoms almost certainly excludes the possi- 
bility of acute pancreatitis as the cause of the symptoms This is not true after 
48 hours Serum lipase determinations are also very reliable but have not 
been so commonly used After the initial rise the subsequent fall is more grad- 
ual than with serum amylase In acute pancreatitis, urine values rise shortly 
after those in the blood Hyperglycemia and diminished glucose tolerance occur 
in about 50 per cent of acute pancreatitis and glycosuria m 10 to 15 per cent 

The above brief summary of the physiologic chemistry involved in acute 
pancreatitis was taken from Canterow and Trumpe, Chemical Biochemistry ^ 
The laboratory data m our cases is not complete so we are not able to quote 
percentage s, only the individual findings 

* Read before the New York Surgical Society, February 5, 1947 
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ACUTE PANCREATITIS 


ETIOLOGY 

Fitts, of Boston, m 1889, published the first clear-cut pathologic and clinical 
description of acute hemorrhagic pancreatitis The etiology, however, is still 
undetermined Trauma, vascular injury, infection and bile invasion of the pan- 
creatic ducts are all factors 

About two years ago John Morton, ^ in his paper published in Surgery, had 
a very complete bibliography on this whole subject, with particular references 
to Somogyi’s^ contribution to diagnosis in 1938, when the simple method of 
amylase determination w as developed In connection with pathology, how evei , 
he placed great importance on the differentiation betw^een acute edematous 
pancreatitis and acute necrosis, a differentiation which affects treatment Where 


Table III 


MORTALITY PERCENTAGE — ^NO OPERATIONS 


Total Cases 7 

Recovery 

3 Died 

4 






Cholecystostomy 

Cholecystectomy 



Choledo- 


E’en! Lap 

Pancreato- 

with Pancrea- 

with Choledo- 

Cholecys- 


chostomj 


with Drain 

tomy 

totomy 

chostomy 

tectomy 


Cases 

1 

Cases 7 

Cases 5 

Cases 5 

Cases 2 

Cases 

3 

Recovered 

1 

Recovered 5 

Recovered 4 

Recovered 2 

Recovered 2 

Recovered 

3 

Died 

0 

Died 2 

Died 1 

Died 3 

Died 0 

Died 

0 



Total Operated 

Cases 


23 





Recovenes 



17 





Deaths 



6 





Total Females 



9 





Total Males 



21 





Average Age 



47 5 





P H Gallbladder disease 


15 





P H Obesity 



11 





P H Alcoholism 


3 




the diagnosis of edema without necrosis was made 29 cases not opeiated upon 
all recovered In 27 cases where pancreatic necrosis was diagnosed or dis- 
covered, 19 died — ten wnth operation and nine without operation He does 
not, however, make clear how the diagnosis between edema and necrosis is 
made except by the fact that the cases of edema improved and the cases with 
necrosis did not He feels the cases with necrosis should be operated upon 
for drainage if nothing else The cases of necrosis are more prostrating at the 
start, but this is a matter of degree of symptoms 

All of us who have been on call for emergency surgery m an acute hospital 
have tried to keep in mind the diagnosis of acute pancreatitis in any sudden 
abdominal crisis, and still, strangely enough, the diagnosis was rarely made 
before operation until the advent of amylase determination The clinical picture 
varies, and we cahnot do better than quote three personal experiences of T M 
Furber,^ of Sydney, Australia, as follows 

*T remember a man at Sydney Hospital who, while waiting m Dr Hamilton 
Marshall’s out-patient department, fell from his seat, laboring under what Lord Moymhan 
has so aptly called, ‘illimitable agony’ It was evident even to such mole-eyed students 
''’''■2 were that the unfortunate old man was stricken unto death, as he quickly became a 
dreadful, livid, ashen hue, and writhed and groaned in a calamity of pain, fighting for 
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breath and calling on our Maker for help in what was truly his last extremity Some 
three days later he died, as was discovered at autopsy, of pancreatic necrosis 

“Another picture which comes to mind is that of a decent, middle-aged widow, who 
lived virtuously alone, with gallstones, which for years, in spite of advice, she had 
harbored and, I think, cherished Soon after dinner one night she was overwhelmed by 
an abdominal cataclysm When I saw her a few hours later she was sitting up in the 
middle of a big double bed, slowly rocking herself back and forth and gently moaning, but 
not taking the slightest notice of the bewildered females who clucked and fluttered around 
her, nor answering direct questions, for her sensorium was apparently saturated by the 



Fig 1 — ^Photographs of five gross specimens of Acute pancreatitis removed at autopsv 


tremendous discharge of afferent stimuli from her abdomen Knowing that she had gall- 
stones, I guessed that she had acute pancreatitis, and advised her immediate removal to 
the hospital, but while arrangements were being made her tempestuous daughter burst 
in on us like a southerly gale and whisked the unfortunate old lady to her own home, 
where the poor soul perished of what was proved, at the coroner’s autopsy, to be pan- 
creatic necrosis 

“Fortune seemed to smile on a sprightly, brisk, young bachelor when he won the 
lottery He at once gave up his uninteresting and comparatively unremunerative toil for 
what was, for him, the more congenial task of helping the brewery proprietors to issue a 
few more bonus shares He succeeded so well in this, no doubt, laudable crusade that for 
a month or more he was seldom sober, and thought he was having a wonderful time, till 
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suddenly the Gnm Reaper breathed on his pancreas and it died, and so did its owner 
within three days. He, unlike the other two, lay as still as a mouse or as a patient with a 
ruptured peptic ulcer. The metabolic revolution had caused such profound shock that, as 
Professor Wilson used to say ‘It was patent to the meanest intelligence’ that the poor 
fellow was destined soon to find out whether the story of Saint Peter and the Digger 
had any truth in it Resuscitatory treatment did not reclaim him, and he died without 
operation Autopsy revealed hemorrhagic pancreatitis ” 

It IS difficult to add to this complete and dramatic clinical description, but 
there are three featuies which have impressed me in differentiating this con- 
dition from a perforated ulcer (i) Shock, which is usually absent m ulcer 
(2) Rigidity more or less confined to the upper abdomen and not diffuse as 
in ulcer (3) Occasional cyanosis 

Tables I and II represent the summary of cases fiom the surgical service 
at St Vincent’s Hospital, selected as explained in the opening paragraph 
(Table II is on a special case ) In Table III certain features deserve emphasis 
The predominance of males over females — 21 to 9 — is just reverse of the 
findings in other senes , also, strangely enough, the opeiative cases had a lower 
mortality than the nonopeiative cases Pancreatotomy, which is distinctly con- 
traindicated, had a mortalit}’- of only 20 per cent Fifteen cases gave a previous 
history of gallbladder disease This seems to be in line with pievious reports 
To have significance, however, the moitality statistics should be broken down 
into pathologic groups This we have not been able to do in this senes The 
five photographs w^ere taken at autopsies on cases included in this review, and 
were taken by our pathologist. Dr Rottmo 

Many gaps in the clinical data are obvious in this statistical leview It is too 
bad we can not plan these analyses ahead rather than doing them in retrospect 
Under conseiwative treatment abscesses not infrequently form at the end of a 
week or ten days, which, upon drainage, discharge laige amounts of foul- 
smelling material, somewhat like 1 ancid curds of milk 

This sequela has a very definite mortality of its owm When the diagnosis 
of acute pancreatitis is made operation should be deferred, but it is a question 
whether delayed operation seriously affects the mortality I am convinced that 
m some cases cholecystostomy and drainage of the lesser sac are distinctly 
beneficial Pancreatotomy should never be undertaken, it provides no real 
drainage and may lead to disastrous hemorrhage 

CONCLUSIONS 

1 Amylase readings are essential to the diagnosis of acute pancieatitis 

2 The edematous type should not be operated upon 

3 The necrotic type should be operated upon after the initial shock subsides 

4 The clinical distinction between the two types is not easily made 
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BURSITIS UNDER FIBULAR COLLATERAL LIGAMENT 
Anthony F De Palma, M D 

Pim.ADFipiii\, Pa 


The purpose or ihis paper is to present six cases of chronically inflamed 
bursae found under the fibular collateral ligament of the knee joint Voshell 
and Brantigan demonstiated such a lesion m the region of the tibial collateral 
ligament and Hendryson recently reported six cases of bursitis of the fibular 
collateral ligament Cystic masses at the level of the knee joint line along the 
outer aspect are prone to be associated with cystic degeneration of the 
external meniscus However, careful dissection of these lesions and micro- 
scopic studies reveal that some of these masses are m no way related to the 
meniscus but are nothing more than chionically inflamed bursae Piersol 
describes two bursae m this region, one found between the fibulai collateral 
ligament and the tendon of the pophteus muscle , and the second, lies between 
the fibular collateral ligament and the tendon of the biceps femoris He further 
describes the possibility of a bursa at the point wheie the tendon of the pop- 
liteus muscle merges at its insertion Mith the capsule of the knee joint It is at 
this point that these painful masses are located, and one may readily conclude 
that the painful cystic masses desciibed by Hendryson and the six reported in 
this paper may be traumatized hypertrophic bursae which are normally found 
m this area 


CLINICAL PICTURE 

The lesion is usually found m the male sex Age is of no significance for 
m this small group the age range was from i6 }ears to 42 years Usually 
there is a history of trauma, however, in one case lejioited no such history 
could be obtained Repeated mild traumata undoubtedly is a definite causative 
factor Pam and the piesence of a mass on the outer aspect of the joint are 
constant findings The pain is aggravated by walking, standing, and exer- 
cising In some instances the pain is more severe at night The mass, always 
present, may appear smaller at one time and larger at another The patient 
also has a feeling of “tightness” ivithin the knee joint In no case w'as there 
diffuse sivellmg of the joint or a history of locking or instability of the knee 
joint The duration of the symptoms was from six months to three years 
Physical examination usually reveals a small, tense, round, cystic mass 
from cm to 3 cm on the anterior aspect of the fibular collateral ligament 
at the level of the knee joint line The mass seems to dip beneath the anterior 
border of the ligament The mass fails to disappear upon pressure with the 
knee flexed It becomes more tense upon extension of the joint and upon 
hyperextension pain is greatly intensified Pam and tenderness is elicited by 
direct pressure over the lesion and upon adduction of the tibia on the femur 
Occasionally there may not be a distinct mass present, as in Case II In 
this instance no circumscribed mass was present but the fibular ligament 
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appeared to be distended at the level of the joint space and palpation of this 
area revealed a tumefaction of the underlying tissues Pressure elicited tender- 
ness, and hyperextension produced exquisite pain The tumefaction failed to 
disappear upon flexion of the knee joint 

CASE REPORTS 

Case 1 — E H , male, age 42 The patient had pam m the outer aspect of the 
right knee for six months There was no history of trauma The pam had an insidious 
onset and was becoming progressively more severe He was conscious of a feeling of 
“tightness” on the outer aspect of the knee joint Within the last month the pain was 
worse at night and aggravated by standing and walking He gave no history of locking 
or instability of the joint 

Physical exauiuiatiou revealed a circumscribed mass by 3 cm anterior to the 
fibular collateral ligament at the joint line One-third of the mass dipped beneath the 
anterior margin of the ligament The mass failed to disappear or decrease in size upon 
flexion of the knee joint, upon extension the mass became more tense and extension and 
hyper-extension of the joint elicited pain, adduction of the tibia, as well as direct pres- 
sure over the lesion, also produced severe pain Roentgen-ray examination was negative 
for evidence of bone pathology A diagnosis of bursitis was made 

At operation a mass 1 by 3 cm was found lying anterior to, and under, the anterior 
margin of the fibular collateral ligament It was dissected out m toto \\ ithout opening the 
joint cavity There was no connection betw'een the mass and the external meniscus It 
was, however, loosely attached to the capsule of the joint The patient made an unevent- 
ful recovery and was completely relieved of all symptoms 

Case 2 — P P, male, age 17 The patient had a painful swelling on the outer aspect 
of the left knee for eight months He gave a history of repeated traumata to the left knee 
joint during the previous football season The pain was aggravated bv walking and 
standing He had no historj of locking or instability of the joint 

Physical erauunation revealed a localized swelling on the outer aspect of the left 
knee joint The swelling could not be defined by palpation, but the fibular collateral 
ligament was taut The tumefaction did not disappear upon flexion of the knee joint The 
pain was aggravated by extension and hj perextension of the joint, and by adduction of 
the tibia Pressure over the area elicited marked tenderness Roentgen-ray examination 
was negatwe for evidence of bone pathology A diagnosis of bursitis was made 

At operation the mass was exposed by a longitudinal incision through the fibers of 
the fibular collateral ligament Upon division of the fibers the mass herniated into the 
wound The posterior surface was firmly adherent to the capsule of the knee joint 
During the dissection the external meniscus was exposed Inspection of the meniscus 
revealed no pathologic changes in this structure The patient made an uneventful recovery 
and plaved football the following season 

Case 3 — W Q, colored male, age 42 Three >ears prior to admission the patient 
was struck on the outer aspect of the left knee bj' a falling box w^eighing about 60 pounds 
The knee became painful and swollen He was treated by rest and a compression band- 
age He noticed, after all swelling had subsided a small mass on the outer aspect of the 
left knee joint which was painful on pressure and caused considerable discomfort at night 
A diagnosis of a "cyst” was made and two attempts were made to remove the mass 
surgically The mass reappeared after each surgical procedure He was admitted to the 
Jefferson Hospital six months after the last operation complaining of a painful knee 
Physical cvamimtwn revealed a large nodular mass on the outer aspect of the left 
knee The mass seemed to disappear under the fibular collateral ligament It v\as fixed 
to the underlying tissues and had a doughy feeling Pressure over the mast elicited 
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tenderness It failed to disappear upon flexion of the joint Extension and hyperexten- 
sion made the mass more tense and more painful Roentgen-ray examination was essen- 
tially negative except for a soft tissue shadow cast by the mass outside the joint 

At operation the mass was exposed by a longitudinal incision It was found imme- 
diately below the skin and appeared to dip beneath the lateral ligament The part of the 
mass anterior to the ligament was readily delivered, but the posterior one third of the 
mass which lay beneath the ligament was delivered with great difficulty It was 
necessary to divide some of the anterior fibers of the ligament in order to obtain an 
adequate exposure The specimen measiiied 5 bj cm and was external to the joint 
capsule The meniscus was not exposed 



Fig I — The microscopic section is typical of the histo-path- 
ologic changes found in all six cases presented Note the marked 
increase in fibrous tissue, and throughout there are many small 
cyst-hke areas These cysts have thickened fibrous tissue walls and 
are lined by a layer of flattened endothelial cells The findings are 
consistent with chronic inflammation of a bursa 

Case 4 — N B, -white, male, age 26 This 26-j ear-old veteran first injured his left 
knee two years ago when he struck the joint against the side of a jeep while getting into 
the vehicle The joint became somewhat swollen and painful, but not enough to require 
hospitalization About six months later he noticed a small mass on the outer aspect of 
the joint which was rather painful, more so at night About that time he fell on the 
knee during maneuvers and this time his knee became so painful that he was hospitalized 
for three weeks before he was returned to duty The painful mass persisted and within 
the past month he has been unable to walk without severe pain 

There was a mass by 3 cm on the outer aspect of the left knee joint anterior 
to the fibular collateral ligament Pressure over the mass elicited tenderness The mass 
did not disappear on flexion of the joint Extension and hyperextension aggravated the 
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pain and made the mass more tense No limitation of motion of the joint was present, 
but both active and passive motion produced an audible "thump ” 

At operation a nodular mass was found under the skin which extended beneath the 
fibular ligament It was so firmly adherent to the capsule that the capsule was removed 
with the mass and the periphery of the cartilage was exposed The joint was explored 
and a discoid cartilage was found which was removed Macroscopically no evidence of 
cystic degeneration was found in the cartilage Microscopic sections of the meniscus also 
faded to reveal any cystic degenerative changes 

Case 5 — C , white, male, age 28 This patient, an interne at the Jefferson Hos- 
pital, sustained several direct injuries to the outer aspect of the left knee while playing 
football two years prior to his present admission He again injured the same knee 
during maneuvers while in the service A diagnosis of a “cyst” was made and a mass was 
removed in an army hospital He was free of symptoms until six months before admission 
to the hospital, when he again noticed a small mass on the outer aspect of the left knee 
The mass became progressively larger and was very painful if inadvertently struck His 
pain was constant, more severe at night; it was aggravated by standing and walking 
The mass was aspirated on two occasions and a few cubic centimeters of a yellowish 
serous fluid were obtained each time Following the aspiration some relief resulted and 
the mass diminished in size However, it became distended and painful again within a 
few days 

Physical exammafton showed a round distended mass 2 by 2J2 cm on the lateral 
aspect of the left knee immediately under a three-inch vertical scar anterior to the 
fibular collateral ligament The scar was firmly adherent to the underlying mass which 
was nodular and firmly attached to the underlying tissues The posterior margin was 
not palpable, for it appeared to dip under the fibular ligament Motion of the knee was 
not restricted Extension and hyperextension of the joint made the mass more tense 
Uniform pressure over the mass failed to reduce its size nor did it become smaller or 
disappear upon flexion of the joint 

At opetation the old scar was resected and the mass was found so firmly attached 
to the capsule that a portion of the capsule was removed during the dissection, and the 
periphery of the meniscus was exposed The cartilage appeared normal No evidence of 
any cystic degeneration was found In order to completely remove the tumor a second 
incision was necessary paralleling the posterior border of the fibular ligament The mass 
was then readily delivered in toto from underneath the fibular collateral ligament 

Case 6 — H , white, male, age 17 During the last high school football season the 
patient sustained repeated injuries to the left knee Toward the end of the season he 
noted a small painful lump on the outer aspect of the joint The mass became progres- 
sively larger and more painful He was treated by a compression bandage The mass 
became smaller but did not disappear Within the past two months the knee had 
become very painful, especially when walking The pain was worse at night He was 
unable to find a comfortable position for his leg 

Physical evammahon revealed a small, rounded, smooth mass by 2 cm on the 
outer aspect of the left knee Joint anterior to the fibular collateral ligament The mass 
was firm, lay immediately beneath the skin, and was firmly attached to the underlying 
tissues Pressure elicited pain The mass did not disappear when firm pressure was 
made upon it Hyperextension of the joint increased the pain and made the mass more 
prominent 

At operation the mass was exposed by a small two-inch vertical incision and peeled 
off the capsule of the joint without exposing the meniscus Its posterior border was 
found under the fibular ligament but it shelled out very readily after the ligament was 
retracted posteriorly Section of the mass revealed that it was composed of several 
loculated areas which contained a thick colorless, jelly like substance 
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HEMARKS 

It IS of interest to note that m one case (Case 4) a discoid caitilage was 
piesent Besides the painful mass present on the lateral aspect of the knee, a 
a definite audible “thump” could be heard on active and passive flexion and 
extension of the knee The cartilage could readily be felt, with each excursion 
of motion, to protrude beyond the articular margin of the outer tibial plateau 
The foniard displacement of the cartilage caused definite compression of the 
bursal sac for the mass became more tense and the tibular fibular ligament 
moie taut 

It IS obvious, m this instance, that the hypei -mobile discoid cartilage was 
the exciting factoi in the formation of the cystic mass The repeated trau- 
mata to the bursal sac resulted in a hyperplasic, thickened, loculated, chron- 
ically inflamed bursa 

Complete removal of the cntiie mass is essential m order to bring about a 
cure In Cases 2 and 5 the mass recurred, following excision Case 2 had had 
two previous excisions Case 5 had had one previous excision Frequently the 
bursa lies deep beneath the tibulai fibular ligament and part of it may not be 
accessible because of the difficult} encountered in retracting the taut ligament 
sufficiently to give adequate exposure of the lesion It may be necessary m 
such instances to split the tibular fibular ligament longitudinally in order to 
obtain access to the entiie mass On the other hand, it may be necessary to 
make a second incision parallel v ith the postenoi border of the tibular fibular 
ligament and retract the ligament anteriorly m order completely to excise 
the mass 
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The Editors and the Publishers of the Annals of Slrgery regret 
to announce the death of Dr Roscoe R Graham of Toronto, Canada on 
January 17, 1948 Doctoi Graham served as a member of the Editorial 
Board for many years His death will piove a great loss to the 
Annals of Surgery A suitable memoir will appear in a later issue 
of the Annals 
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of the right arm and forearm to the wrist The skin over the mass became red, tender 
and inflamed 

Physical Examination — ^Examination on admission revealed a tense, compressible, 
pulsating swellmg m the right axilla, measuring 8 x s x 6 cm There was no fremitus 
Auscultation over the mass disclosed a soft, systolic bruit which disappeared on com- 
pression of the right subclavian artery The right and left radial pulses were equal m 
volume and no dilatation of the veins of the right arm or forearm was present The 
blood pressure was equal m both upper extremities systolic 132, diastolic 80 Obliter- 
ation of the aneurysm caused no elevation in blood pressure or slowing of the pulse rate 
A teleoroentgenogram of the heart showed no enlargement 



Operation — September 5, 1946 Under nitrous oxide oxygen ether anesthesia, an 
incision was made from the outer third of the clavicle across the anterior axillary fold 
onto the upper third of the arm The pectorahs major and minor were cut near their 
insertions, exposing a large, pulsating mass, closely associated with the axillary arterj^ 
and vein and occupying the entire subscapular region of the axilla The origin of the 
mass could not be determined accurately at this point, but it appeared to arise from the 
axillary artery Controlling tapes were placed around the axillary artery and vein, prox- 
imal and distal to the mass, but were not tied Dissection of the aneurysm was com- 
menced at its lowest extent on the subscapularis muscle and continued upward to the 
axillary vessels The subscapular nerve, densely adherent to the sac, was isolated and 
protected At the apex of the mass, the axillary vein was so incorporated into the wall 
of the sac that it could not safely be dissected free Therefore, after ligation, a portion 
of the axillary vein was retracted with the sac The origin of the aneurysm was now 
apparent (Fig i) It arose from the subscapular artery i 5 cm from the axillary arterv 
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After complete dissection, the aneurysm now hung from the subscapular artery similar 
to a pear on a bough The axillary artery represented the branch, the subscapular artery 
the stem, and the aneurysmal sac the fruit It was possible to ligate and divide the sub- 
scapular artery between the sac and the axillary artery, making removal of the aneurysm 
possible without interrupting the continuity of the axillary arterj 

The specimen consisted of an aneurysmal sac, measuring 8 5 x 6 x 5 cm to which a 
segment of the axillary vein was attached The subscapular artery was adherent to the 
apex of the sac and continued along its posterior wall It communicated with the sac 
through two openings l mm in diameter There was no communication between the 
sac and the axillary vein The inner lining of the aneuiysm was smooth and its lumen 
was partially filled with laminated blood clot 

Postoperative Course — The postoperative course was smooth and the patient was 
discharged on the 14th postoperative day 

Follow Up — ^February 8, 1947 The axillary incision was firmly healed and there 
was complete range of motion of the right shoulder There was no swelling of the right 
arm or forearm and the brachial and radial pulses were present There w as no recurrence 
of the aneurysm The patient had returned to w'ork as a logger 

DISCUSSION 

Recently emphasis has been placed on the impoitance of maintaining the 
continuity of the mam aiterial channel, whether by eiidoaiieurysmorrhaph} , 
lateral suture, end to end anastomosis or vein graft, m the surgical treatment 
of traumatic vascular lesions Even should the collateial ciiculation be ade- 
quate for the viability of the peripheral tissues, complete division of the major 
vessel often results in lowered woik capacity and intermittent claudication 
It IS not difficult to maintain the mtegiity of the major vessel when a vascular 
lesion arises from one of its branches Ligation of the branch with excision 
of the aneurysm can be accomplished without distuibmg the mam vascular 
channel However, to make this possible, established technical pioceduies of 
vascular surgery must be observed absolute hemostasis, wade exposure, prox- 
imal and distal contiol of the mam vessel, and meticulous dissection are 
imperative 

SUMMARY 

1 A case of traumatic aneurysm of the subscapular aitery is reported 

2 Ligation of the subscapular artery and excision of the aneurysm, 
without interrupting the continuity of the axillary artery, were possible 
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CYST OF THE SPLEEN 
Case Report 

V F Lang, M D , S A Mohton, M D , J D Steele, M D , 

AND A A Schaefer, M D 

Milwaukee, Wis 

Primary cysis of the spleen, as distinguished from those occurring as 
a result of degenerative processes due to disease or trauma, are apparently 
rare In the case herein reported, the presenting symptoms and signs were of 
thoracic origin As far as we have been able to determine, this is the only case 
in which the spleen containing a cyst has been successfully removed through 
a transthoracic approach 

ifrs M M , 39 years of age, at the time of our initial observation on April 13, 
1946, was SIX weeks pregnant, this being her first pregnancy She was seen first because 
of pain in her chest Ph3’sical examination of the chest, at this time, was negatne Five 
days later, a roentgenogram of her chest, taken because of pain and bronchial breathing 
in the left chest, showed considerable density at the left base E\ idence of effusion subse- 
quently appeared and a thoracentesis yielded clear fluid whicli was negative on culture 
and guinea pig inoculation for mj cobacterium tuberculosis 

She was admitted to Columbia Hospital on April 29, 1946 A roentgenogram of her 
chest, taken the morning after admission, showed the same appearance at the left base 
as previously Some hours later, she complained of sudden, sharp pain in the left chest 
with respiratory distress A marked increase in the effusion w’as noted on roentgenologic 
examination Thoracentesis now' yielded rather heavj', turbid fluid w'hich w'as sterile 
on culture The fluid contained manj' cholesterol crystals but no cells This latter find- 
ing suggested that tlie fluid might be of a cjstic origin (Fig i) For the next few' daj's, 
there was no increase in the pleural effusion, but there w’as an increase in her fever 
and vaginal bleeding appeared Since it w’as evident that the patient was aborting, a 
curettage was accordingly performed on May 3, 1946, fiv'e davs after admission to 
the hospital 

As her symptoms improved, more adequate roentgenologic examination was possible 
In addition to the effusion in the posterolateral aspect of the left chest, a spherical, 
calcified lesion was seen in the region of the left side of the diaphragm, the exact 
position of which in relation to the diaphragm could not be accurately determined, at 
this- time (Figs 2 and 3) Subsequently, the stomach was outlined with barium and a 
gas producing substance was given by mouth to determine the relation of the stomach 
to the calcified lesion A diagnostic pneumoperitoneum was also induced The preoper- 
ative roentgenologic diagnosis was a cystic mass wuth a calcified wall m the abdomen on 
the left side just below the diaphragm The contents of the cjst were believed to have 
erupted through the diaphragm and to have secondarily involved the pleural cavity 

On May 20, 1946, three weeks after admission to the hospital, a thoracotomy was 
performed under pentothal anesthesia, through a posterolateral incision The 9th nb was 
resected from the transverse process to the anterior axillary line When the pleura was 
opened, a large amount of turbid fluid containing fibrin was encountered The visceral 
pleura was moderately thickened The diaphragm was incised and a large cyst encoun- 
tered which contained thick, yellowish, granular material Since it was believed that the 
cyst arose from the spleen, splenectomy was performed Air tight, intercostal drainage 
was instituted after closure of the diaphragm and chest wall 

572 



Vtolunie 127 
{dumber ■> 



Fig I 


CYST OF 









.Kates uUen before and after acute 


episode Note increasing 


fluid at the left 


* 1 * 




Fig 2 — ^Bucky 


„i„te showing ca 

diaphragm plate 

573 


tofled cyst, position indeterminate 


LANG, MORION, SIEELE AND SCHAEFER 


\finals of burgtry 
Mjich 194b 


The patient’s immediate postoperative course was uneventful except for a high 
fluctuating fever which continued for five days She was discharged from the hospital 
i8 days following the operation, in good condition 

Pathologic examination by G H Hansmann, M D , revealed that the 
gross specimen (Fig 4) consisted of a spleen which weighed 305 Gm and 
measured 15 cm in length, 10 cm m width, and 3 cm in thickness The lower 




Fig 3 — Gas in the stomach shows that the cyst is extra gastric which is 
above and behind the stomach 


half of the spleen was of normal size, shape, color and consistency, but the 
upper half contained a doughy cyst which measured 9 x 8 x 7 cm The cyst 
wall, which was pale m color and had a leathery consistency, appeared to be 
enclosed within the splenic capsule, but was separated by a portion of the 
capsule from the splenic pulp Blood vessels could be demonstrated passing 
from the spleen to the surface of the cyst When opened, the cyst was found 
to be filled with pultaceous material of putty-hke consistency Careful search 
was made, but no hair, teeth, bone, ecchinococcus ova or booklets were 
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found. Wet smear of the cyst contents revealed the presence of large numbers 
of cholesterol crystals and flakes of dead epithelium Upon evacuation of the 
contents of the cyst, the inner wall was found to be atheromatous and had a 
distinct mammilated appearance. 

Subsequent histologic examination of the walls of the cyst revealed thick, 
hyalinized, fibrous tissue containing areas of bone with well-defined marrow 
cavities, areas of calcification, and otheis of necrotic, flaky, material m which 
there were many cholesteiol clefts The closest approach to an epithelial 



Fig 4 — Removed spleen with cyst 


lining consisted of calcified areas with the configuration of nuclei about which 
were many cholesterol clefts Tissue from the boundary between the cyst and 
splenic pulp revealed thickening of the splenic capsule with some compression 
of the underlying pulp Tissue from various areas of the spleen revealed normal 
splenic structure The pathologic diagnosis vas an epidermoid inclusion in 
the spleen with cyst formation 

COMMENT 

Unlike cysts of the ovary, liver, kidney or other abdominal organs, cysts 
of the spleen are i datively rare The first record of any splenic cyst was that 
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of AndraP who discqvered the condition m an autopsy in 1829 Pean,^ in 
1867, was the first to ■.remove successfully a splenic cyst Ecchmococcus cysts 
of the spleen occur about twice as frequently as various forms of nonparasitic 
cysts, and false cysts about foui times as often as true cysts Epidermoid cysts, 
according to Shawan,^ usually occur in young people of either sex These 
cysts, according to Montgomery, et al,^ are usually laige, solitary, and lined 
with stratified pavement epithelium with prominent intercellular bridges 
Custer, as quoted by Montgomery, states that some cysts of this type have 
been described m which the cavity was filled with sebaceous material and 
hair and have been repoited to ueigh as much as 3 Kg, to have contained up 
to 1,500 cc of watery, chocolate colored material, and to have contained 
cholesterol C3''stals Fowler^ pointed out that enucleation of the cyst is rarely 
feasible and advocates splenectomy as the treatment of choice 

It is interesting to conjectuie that our patient’s first pregnancy incited 
her cyst to activity Fowler repoited some association between pregnancy 
and the incidence of splenic cysts, (quoted by Naidu “) 

The unusual feature of our case was that the original symptoms were of 
thoracic origin, the contents having spilled into the pleural cavity 

SUMIIARY 

A case of an epidermoid cyst of the spleen with symptoms of thoracic 
origin IS reported Splenectomy was performed through a transthoracic 
approach We have found no similar case reported in the literature 

Columbia Hospital 
3321 North Maryland 
Milwaukee ir, Wisconsin 
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MARROW-NAILING OF RECENT FRACTURES, 
PSEUDARTHROSIS AND BONE PLASTIC 

EXPERIENCES IN 100 CASES 
Anders Westerborn, M D. 

Gothenburg, Sweden 

FROM THE SURGICAL SERVICE OF THE SAHLGRENSKA HOSPITAL, GOTHENBURG, SWEDEN 

The marrow-nailing by treatment of fractures of the long bones has 
as its originator Kuntscher, of Kiel, Germany In 1940, he published^ his 
first results with the new method I have used marrow-nailing in certain 
cases since 1943, and have, m Acta Chirurgica Scandinavica, vol 90 , 89-104, 
1944, described our first 28 cases Since that time we have undertaken 
marrow-nailmg m 72 additional cases — and we are now rather experienced 
m this field Our results are still encouraging On account of the war 
and the interrupted communications between the various countries, the 
method of medulIary-nailing has not become as well known as it deserves 
To judge from the scientific American literature which has come to Sweden 
during the past few years, the method does not seem to have been used in 
America, and I have, therefore, thought that a report of our experiences 
might be of interest to Ameritan surgeons 

The aim of medullary-naihng is to keep the bone fragments m position by 
means of a long nail inserted into the marrow cavity As the nail is driven 
m from a hole chiseled in the corticalis far from the site of the fracture, the 
latter is not exposed and it is not a question of open reduction The nail is 
U- or rather V-shaped and does not fill the whole marrow cavity and, thereby, 
causes very little damage to the bone marrow and the endosteum but gives, 
nevertheless, a firm fixation The nail reaches, as indicated m Figure i, 
the endosteum only in three narrow places, and as it is comparatively thin 
( I 5-2 mm ) It only causes a moderate compi ession of the marrow Through 
its angulation and the hardness of the steel, the nail, m spite of its thinness, 
IS very resistant to flexion and if-it fits w^ell into the marro%v cavity it gives 
a very firm fixation 

In fractures of the femur the nail is inserted from the upper- surface of 
the trochanter major, eithei percutaneously or through a small incision No 
chiseling is needed as the bone here is very soft When inserting the nail 
into the other long bones, such as the humerus, radius, ulna or tibia, a 
small hole must be chiseled or bored through the corticalis at a suit able dis- 
tance from the site of the fracture 
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Fig 1 — (a) Medullarj' Nails (b) (Below) showing detail ot 
design and cross-section of nail m stlu 



The difficulty is to get such a good closed repo- 
sition that the nail can be mseited from one frag- 
ment diiectly into the marrow cavity of the other 
Several apparatuses for facilitating this reposition 
have been constructed Kuntschei attaches great 
importance to the closed reposition, as the exposure 
of the fracture site and the open reposition involves 
risk of infection and outer complications Nowadays, 
with penicillin, this risk is, however, very slight As 
my cases show, it is sometimes necessary to use open 
reposition If the closed reposition is successful the 
marrow-nailing is only a small operation, which 
causes the patient only little strain and little risk 
Here, we have one of the great advantages of the 
new method over the ordinary osteosynthesis 

The nail must be inserted under fluoroscopic 
supervision, or repeatedly checked by seveial roent- 
genograms We have used the latter method and 
found it satisfactory One may also, m order not 
to risk having to take out the nail and change its 
position, first insert a “leadei” (Kirschner needle), 
which is done in operations on fractures of the femoral neck 

Wc used nails manufactured by Ericsson’s Instrument Company, 
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Gothenburg, Sweden These are made of rustless steel Oui first nails, 
however, were not sufficiently strong and weie bent at the site of inseition or 
later thiough the stiain of the fracture The new ones are more satisfactory 
The nail must not, however, be manufactuied of too hard steel, which would 
prevent the flexion necessary to insert the nail into the marrow cavity from 
the small hole in the corticalis The mstiuments needed are very simple 
(Fig 2) Of course, it is necessary to have a good apparatus to withdraw 
the nail if it happens to he in a wrong position and after healing of the 
fracture It is, naturally, necessaiy to have several nails of different lengths 
and widths at hand (from lo to 45 cm [Fig i]) 

Up until January 5, 1946, we have used marrow-naihng m 100 cases of 
which 69 have been lecent fractures, 24 pseudarthiosis and 7 cases of bone 
plastics The cases are divided as seen in Table I 



Table 

I 




Recent 

Pseud- 

Bone 



Practures 

arthrosis 

Plastic 

Totals 

Petnur 

13 

6 

3 

22 

'Tibva, 

28 

3 

t 

32 

Humerus 

15 

13 

3 

31 

Radius or ulna 

12 

1 


13 

Metacarpal 

1 

1 


2 


69 

24 

7 

100 


As It would require too much time to desciibe all our nailed cases, a brief 
account, only, will be given of some characteristic cases m each group 


A RECENT FRACTURES 

Case 1 — Man, age 31, with an oblique fracture of the femur When extension 
treatment did not result in good position and roentgenograms showed muscle interposi- 
tion, medullary-nailing was done on April 30, 1943 The interposition made open reduc- 
tion necessary The nail was inserted from the upper surface of the trochanter major 
A good position, with firm fixation and complete freedom from pain was immediately 
obtained The patient could sit up after a week, and three weeks later he was able to 
bear weight on his kg "When he was discharged, seven weeks after the operation, he 
walked easily with a cane There is an early and powerful callus formation The nail 
was later removed 

Case 2 — A woman, age 45, sustained a complicated transverse fracture of the 
right femur on November 14, 1943 Immediately upon admission operation was per- 
formed, with careful removal of all the injured tissues and open reposition of the frag- 
ments A marrow nail was inserted from the trochanter major Primary suturing and 
healing As the fixation was not absolutely stable, another nail was inserted a week 
later, with better results The patient got up soon, and was able to bear \veight on her leg 
four weeks after the second operation (Fig 3) The nail was removed after six months 

* Zimmer Manufacturing Co, Warzawa, Indiana 
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Case 3 — Man, age 33 Splintei fracture of the liumeius, with bone interposition 
Extension treatment did not result in good position Open reduction and marrow-nailing 
Firm fixation was obtained No plaster splint was applied Six weeks after marrow- 
nailing shows roentgenograpbic consolidation of the fiactiire (Fig 4) 

Case 4 — Man, age 60 Fracture of the lower leg Extension treatment did not 
result in good position Instead of osteosynthesis we chose medullar} -nailing The nail 




“inD 



I ■" 
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Striking Tool 


Driver 




Nail-di awing instrument 
Fig ’ — Instruments used in marrow-naihng 

was inserted through a small hole chiseled out in the upper part of the tibia on Febiuarv 
8, 1945 Good position was obtained, but when the distal stump was too short to give as 
firm fixation as was desired a plaster encasement was applied foi some weeks The leg 
could bear weight six weeks after nailing (Fig 5) 

Case S — Man, age 20 Transverse fracture of the radius and ulna After repeated 
reductions a good position of the ulna was obtained, but not of the radius fragments 
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Medullarj -nailing was, therefore, chosen 
instead of osteosA nthesis, the nail being 
inserted through a small hole in the dis- 
tal end of the radius A plaster splint was 
applied for four weeks The man had 
recovered his working capacitj'- six weeks 
after operation 

It IS extiemely impoitant to the 
healing of the fractuie that aliso- 
liitely him fixation is obtained in 
inedullaiy-nailing For this, one 
must choose a nail which fits well 
into the maiiow cavity and ascei- 
tain that the lattei is of faiily even 
vidth This IS the case in the cavity 
of the femur and to a ceitain degiee 
in the ladiiis and ulna, but the tibia 
and humeius often have lather sym- 



Fig 3 — Case 2 (a) Open fractuie of the 
femur (b) After marrow-nailing 


metiical inariow cavities Thus, the best results aie obtained in nailing 
of femoial fractuies The nail must be wide enough so that it estab- 
lishes firm contact with the w^all of the marrow cavity, mainly, in order to 
prevent lotation between the fragments One can estimate fiom the size 
of the marrow' cavity m the roentgenogram about wdiat size nail to choose 
According to Fischer, with a focal distance of 75 cm the maiiow cavity is 
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n 1 4— Case 3 (a) Fracture of the humerus, with bone interposition 

to; inree weeks after operation (c) Bone consolidation six weeks after 
marrow-naihng 
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really i mm smaller than it appears on the roentgenogram The conditions 
are not so favorable in the tibia as they are in the femur, for, here, the cavity 
IS narrowest in the middle Consequently, it is easy to obtain firm fixation 
of fractures situated in about the middle of the tibia but not of ones situated 
more distally or proximally' 

If full stability is not obtained with one nail, it is wise to insert another 
one (Case 2) This needs to be done more often in the cases of bones with 
uneven medullary cavities (tibia and humerus) than of ones with an even 
canal 



Fig s — Fracture of the lower leg before and after 
marrow-nailing 

Medullary-nailing has given the best results in fractures of the femui 
The advantages of this method are also greatest in these cases Previously, 
the patients had to he in bed for two or three months and undergo extension 
treatment for long intervals, a procedure which is irksome to the patient and 
requires much attention from the hospital staff The long stay m bed also 
involves the risk of complications in the air passages, at least with older 
persons Now these patients can be allowed up early, and can soon 
begin to bear weight on their leg, thus avoiding stiffness m the joints and 
muscular atrophy Another great advantage is that the patients are imme- 
diately rid of pain It is also maintained by Kuntschei, and others, that the 
nailing accelerates the formation of callus, thus, considerably reducing the 
time before the patient is able to resume his normal occupation 
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Fischer also recommends medullary-nailing for supracondylar femoral 
fractures The greatest advantage in these cases is that the nail keeps the 
fragments in position, which is difficult to obtain with extension treatment 
When the nail can only be inserted 3-4 cm m the distal fragment it is neces- 
sary to apply a plaster encasement for some weeks, and early weight-bearing 
is out of the question. 

The advantages of medtdlary-naihng, particularly in femoral fractures, 
are, in my experience, and that of others 

1 Shortened stay in bed 

2 Simplified after-treatment — no extension 

3 Reduced pains and other subjective troubles 

4 Less risk of stiff joints, muscular atrophy and circulatory disorder 

5 Shorter hospitalization and probably earlier acquirement of working 
capacity 

No definite agreement has been reached about the mdicattons for medid- 
laiy-nadmg Some surgeons have narrow indications, and others very wide 
ones Kuntscher says that the method is suitable for all transverse, oblique 
and spiral fractures of the long bones, and Pascher^ goes so far that he con- 
siders It absolutely indicated in all transverse, all oblique fractures with a 
poor healing tendency or where there is risk of slipping, and in all fractures 
m old persons, where long stay in bed should be avoided Bohler, who is a 
strong opponent of open treatment for fractures, recommends the method 
warmly for gunshot fractures, thus, open fractures, and seems to be a strong 
advocate of medullary-nailing, on the whole Others, for example K H. 
Bauer,3 reserve the method for more special cases, e g , for times when it is 
necessary for some reason to make an open reduction 

The marrow-nailing involves, of course, certain risks Above every- 
thing, we must think of the danger of bone marrow destruction, fat embohsm 
and osteomyehUs Experience has already shown that the damage which the 
nail causes to the bone marrow is of no or little practical significance It is 
recommended, however, that the nail be removed when full consolidation is 
established We have done that in the majority of our cases The removing 
of the nail is a simple operation After a few months the nail generall}’' lies 
fairly loose in the marrow cavity On the other hand, there is a certain risk 
of fat embohsm At least two deaths from fat embolism after medullary- 
nailing are reported (Kuntscher and Habler) Detailed information is lack- 
ing, and It IS impossible to decide whether the fat embohsm occurred as a 
result of the fracture or of the nailing Osteitis has developed in a few cases 
(Kuntscher, Fisher, and others ) In most of them it was a question of com- 
plicated fractuies Extended osteomyelitis, generally, does not develop, but 
only restricted osteitis, with local sequestration, mainly due to the fact that 
the pus in the marrow cavity is led off along the nail Thus, according to 
Kuntscher, Bohler, and others, there is never any enclosure of pus in the 
cavity with rising pressure, which is generally considered to be the cause 
of extending osteomyelitis Kuntscher says that whenever there is infection, 
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one should dram, so that the pus is easily able to dram off, but not remove 
the nail since it generally heals m spite of the infection That is also my 
experience If the nail is removed, the infection grows worse because the 
fragments no longer he still 

B PSEUDARTHHOSIS 

The treatment of pseudarthrosis has always caused surgeons great dif- 
ficult}'’ Well-nigh countless methods have been tried but none has so far 
proved itself to be supreme The problem has now been actualized thiougl'' 
the increase of the number of cases due to the gunshot injuries sustained 
during the w'ar Even here, medullarj'^-naihng has been used and I have, 
up to date, nailed 24 cases of pseudarthiosis The lesults aie thus far 
satisfactory In the cases w'hich I have been able to follow^ foi a sufficiently 
long time, the bone-healing w^as satisfactoij except m thiee cases wdiere in- 
flammation recun ed aftei operation 

My experience is that the marrow-nailing will simplify the pseudarthrosis 
problem considerably The literature is still very scanty K H Bauer, wffio 
otherwise is reserved concerning this method, recommends it in cases of 
pseudaithrosis, and so do Bohler'* and Cellarius,® fiom Kiischner’s Clinic, wffio 
report the results of i8 cases which w^ere earlier treated m vain by other 
methods In at least 15 of these cases bone-healing took place wuthin 6-8 
months after marrow-nailing 

In order to hasten the bone-healing, the marrow -nailing may be combined 
with other operations, such as bone transplantation, either m the form of bone 
clips, according to Levander, or by covering the pseudarthrosis w'lth a larger 
bone piece Often, mariow'^-naihng alone is sufficient All my cases, wuth 
the exception of four, w^ere Finnish soldiers injured m the w^ar Appended 
are reports of some characteristic cases 

A PSEUDARTHROSIS OF THE FEMUR 

Case 6 — A 22-year-old sergeant sustained a gunshot fracture of the femur a few 
fingersbreadth below the trochanter minor, on October 22, 1941 He was treated m Fin- 
land with extension, plaster encasement, cic He arrived at Sahlgrenska Hospital, luly 
22, 1942, with his leg m a plaster encasement When the plaster encasement w'as removed, 
the bone ends slipped apart The wound was revised, sequestrotom}' performed, and wire 
extension instituted No healing took place, osteosynthesis with transplantation of bone 
clips, according to Levander, was done in December Consolidation did not result, and, 
m March, 1943, medullary-nailing was done after revision with freshening of the bony 
ends Firm fixation was obtained at the site of the fractuie, and three weeks later the 
patient was able to walk about outdoors, with two canes, and well able to bear weight on 
the leg When he returned to Finland in October, six months after the operation, the 
fracture was consolidated and he w'alked well 

Case 7 — ^A 34-year-old soldier sustained a complicated femoral fracture through a 
shell injury m December, 1941 On admission to the Sahlgrenska Hospital, February, 
1943, the wound was healed but the bone was not stable Medullary-nailing was per- 
formed, March 27, 1943, after freshening of the bony ends and excision of all fibrous 
tissue Firm fixation was obtained and full stability at the site of fracture Two weeks 
later the patient was able to stand on his leg After another two weeks he walked with 
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Flo 6— Case 7 (a) Pscudarthrosi^ femorjs (b) After reposition (c) Aftei marrow - 

nailing (ci) Three mcnth<^ let r 


two canes Yiicn he was di'^cliargccl 
three months after operation, the bone 
was stable, he could walk well and 
there was increased callus formation 
Report from Finland sa>s that full con- 
solidation has occurred (Fig 6) 

Case 8— In March, 1940, a 27- 
} ear-old soldier was hit b\ a shell splin- 
ter which caused a complicated femoral 
fracture He was treated with extension 
and a plaster encasement On admission 
to the Sahlgrenska Hospital in Febru- 
arj, 1943, three 3 ears after the fracture, 
pseudarthrosis had de\ eloped The leg 
was considerabl}’" shortened, the knee 
ankslotic, and there was parahsis of 
the peroneus muscle, wuth severe mus- 
cular atrophv The patient was not able 
to stand on his leg at all In Februar}, 7 —Case 8 (a) Pseudarthrosis of the 

osteosynthesis with bone transplantation femur (b) After marrow'-nailing (c) Four 

was done There being no signs of heal- months later 

mg, the pseudarthrosis w'as rcN iscd again tw'o months later, w ith excision of all the fibrous 
tissue and freshening of the bony ends, and medullar} -nailing w'as done Firm fixation and 
freedom from pain w'ere obtained immediate!}', and the patient, wdio had lain in bed for 
nearly three } ears, w'as able to begin to bear weight on his leg after about a w'eek When 
he returned to Finland, three and one-half months after the operation he stood well on 
his leg, and w'alked w'lth tw'o canes The bone was absolutely stable, but there was only 
a slight increase in the callus formation (Fig 7 ) 

In six cases of pseudarthrosis of the thigh bone which persisted from one 
and one-half to three years, and m spite of attempts with many different meth- 
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ods, it was not possible to attain osseous healing In several of the cases all our 
old possibilities weie exhausted and it is probable that the patients would 
have been left with the pseudarthrosis for the rest of their lives if we had 
not resorted to medullary-nailing Also, it was a great mental relief to these 
invalids to be rid of pain and be able to get up soon after the nailing Two 
of them had almost continuously been confined to bed for two or three years 
In all cases the nail was inserted from the upper surface of the trochanter, 
and before insertion the wound was revised, with excision of fibrous tissue 
and freshening of the bony ends As in these cases the fracture was exposed 
It was not difficult to get the fragments into such a position that the nail 
came into the marrow cavity of the distal fragment In two of the cases, 
persisting fistulae, with a slight discharge, were present at the time of the 
operation In one case tlie fistula healed soon after the operation, in the 
other there was still slight suppuration at the time the patient was discharged 
In order to avoid the risk of reactivation of a latent infection sulfathiazole 
was in all cases introduced into the operation wound The postoperative 
treatment was the simplest imaginable After one or two weeks in bed the 
patient was allowed to get up The prolonged stay in bed before the opera- 
tion had produced more or less marked stiffness m the joints as well as mus- 
cular atrophy, necessitating intensive physical therapy 

Regarding the permanent results, in at least three cases out of six, con- 
solidation had developed before the patient was discharged The three others 
returned home so early that the final results could not be judged There is 
much to indicate, however, that osseous healing will take place in these 
cases, as well, within reasonable time Even if the results may not be loo 
per cent perfect, experience, up to the piesent, indicates that the new method 
IS vastly superior to the old ones for treatment of femoral pseudarthrosis 
Wherein do the advantages of man ozv-nading he, and why is it that it 
has such a favorable effect in cases of pseudarthrosis^ The most important 
condition for osseous healing is, of course, absolutely firm fixation of the 
fragments, and particularly firm fixation is just what is obtained with medul- 
lary-nailing, especially in cases of pseudarthrosis with sclerosed bone An- 
other important factor is early weight-bearing and after marrow-nailing the 
patient can begin weight-bearing on his leg almost immediately 

B OTHER TTPES OF PSEUDARTHROSIS 

Case 9 — A 25-year-old Finnish soldier was injured in the arm by a shell splinter 
in August, 1941 A defective humerus pseudarthrosis followed After repeated revision, 
osteosynthesis was performed, September 7> I942, but no consolidation resulted Medul- 
lary-nailing was, therefore, done on June ii, 1943 The nail could not be placed centrally 
into the peripheral stump, and, consequently, the site of the fracture afterwards was not 
stable Another nail was driven in on October 26, after extraction of the former one, 
nor was this nail inserted in the ideal position To increase the stability a piece was 
taken from one of the tibiae and placed over the fracture The wound healing was 
primary, and good stability resulted Osseous healing has later occurred 
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Case 10 —A 2i-year-old Finnish 
soldier sustained a complicated fiactuic 
of the right upper and forearm in Feb- 
ruar}', 1943 In both places pseudaithio- 
SIS del eloped He ai rived at the Sahl- 
grenska Hospital 111 June, and on June 23 
nieduUarj -nailing was performed to the 
humerus pseudarthrosis aftei excision of 
the fibrous tissue The nail could not be 
placed in the desired central position, and 
full stabihtj'' was not obtained The aim 
was, therefore, placed m a plaster encase- 
ment On No\ ember 12, a mcduUary-nail 
was inserted m the radius as no stability 
had been obtained in spite of prolonged 
conservative treatment This bone was 
fractured 111 two places and the nail w'as 
drnen m from the distal end of the 
radius through the intermediate fragment, 
a long w’ay into the proximal one Excel- 
lent stabiliti resulted (Fig 8) However, 
slight suppuration occurred afterwards 
When the patient returned to Finland in 
Januarj', 1944, the fracture m the humerus 
felt consolidated, roentgenograms showed 
only moderate callus formation, and the 
suppuration in the forearm had almost 
entirely dried up 

Case 11 — A woman, age 70, sus- 
tained a fracture of the right humeral 
diaph3'^sis on October 17, 1941 Osteo- 
sjmthesis with cerclage w'as performed 
The threads cut in and typical pseudar- 
throsis developed On July 27, 1942, the 
bony ends were revised and a large 
amount of bony shavings were trans- 
planted, in accordance with the method 
of Levander No healing resulted and a 
new operation was performed on January 
^943. with transplantation of a bony 
plate from the tibia over the place of 
pseudarthrdosis The fracture still did 
not heal On May 15, two fairly narrow 
nails were inserted Roentgenograms in 
October showed that the nails had broken 
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Fig 8 — Case 10 (a) Pseudaithrosis of 
the ladius in two places (b) After nailing 
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Fig 9 — Case ii (a) Three-year-old 
pseudarthrosis of the humerus (b) Four 
months after marrow-nailing 


in the middle of the pseudarthrosis On October 22, the broken nails were extracted 
and two coarser ones were inserted after revision of the pseudarthrosis with removal of 
the fibrous connective tissue Full stability was then obtained and, on February i, 1944, 


roentgenograms showed that osseous healing had occurred three months after the last 
medullar j -nailing The nail was later lemoved (Fig 9) 
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This case is of the gieatest inteiest The 70-yeai-old woman with a thiee- 
year-old pseudarthrosis of humerus shows osseous healing three months after 
maiiow-naihng Before we had tried all our old methods to obtain bone heal- 
ing, such as osteosynthesis, bone transplantation, etc , to no purpose 

Case 12 — A man, age 35, sustained a complicated iracture in Ins lower leg in Feb- 
ruary, 1942, resulting in prolonged suppuration and pseudarthrosis In October, 1943, 
medullar} -nailing w’as performed after chiseling off the end of the fibula, excision of the 


a 


b 


c 


d 



Fig 10 — Case 13 (a) C^stIC giant cell sarcoma of the tibia (b) After resection, 

bone transplantation and marrow -nailing (c) Four months after operation (d) Tw'enty 
months after operation 


fibrous tissue in the pseudarthrosis and chisehng-off of the tibial ends Plaster was 
applied The wound healing was primarj, and good stability w'as obtained Six weeks 
later the leg could be w'eight-bearing Full consolidation after four months 

It IS more difficult, in cases of pseudarthrosis, to do the nailing, than in 
cases of recent fractures The sclerosis in the end of the bone offers power- 
ful resistance and may even make it impossible to insert the nail Thus, in 
one case, not reported heiein, it w^as not possible to drive the nail through 
the strongly sclerotic bone (tibia), and medullary-nailing could not be carried 
out The inserted nail sat so firmly fixed in the bone that it could not be 
drawn out, and a piece of it had to be left there 


588 




raum«i2r ^^FEDULLAKY-NATLING OF FRACTURES 

\iimber 4 

C BONE PLVSTIC 

In the cabcb \\heie Iheic ib a ques- 
tion of shoitcning oi lengthening a 
leg, 01 to co^ ei a deficienc) ol a bone 
man ou -nailing is \ci\ useful, espe- 
ciall} as the nail gives stahihu to 
bone and tiansplantation The fol- 
lowing cases lilustiate this The cases 
foi themsehes, and fuithei 
comments aie unnecessan 

Case 13 — Man, aac 27, has been 
suffering from pains in left lower lea 
Through misplacing his slop NoeemlKi 
27, 1943, a sc\cre pain in the leg dc\ el- 
oped Roentgenograms showed fracture 
through a cjstic tumor in the middle of the 
lower leg Test extirpation from the cistic 
tumor showed osteitis fibrosa, with giant 
cell sarcoma, April 1, 1044 Resection of 
about 10 cm of the tibia Fixation of the 
bone ends by means of a largo-si7cd mednl- 
lar>-nail Intraplantation of two 9-10 cm 
bone pieces taken from the right tibia 
Plaster encasement 

January 23, 1946 The patient had not 
been examined since October, 1944, due to 
illness of nerves Examination shows that 
both legs are cquall> long No instabilitv at 
the site of operation Normal moiabilit) in knee and fool joint Good w'eight-bcanng 
capacity Roentgenograms show good healing of the bone transplantation, in spite of the 
fact that the nail had broken A small, narrow ciack in the bone transplantation Injuri 
from tramcar accident on Jaiuiaiy 14, 1946 (Fig 10) 

Case 14 — Female, age 12 The light leg, as a result of a congenital disturbance in 
the grow'th, is 20 cm shoi ter than the left ont The diffeicnce seems to be constant On 
August 23, 1945, a 4-cm -long piece was sawn out fiom the upper pait of the left femur 
Fixation of the fragment through a marrow’-nailmg The piece of bone wdiich had been 
taken from the left femur, intended to be used for lengthening of the light leg was 
now left to remain between the bone and the muscles fixed to the periosteum (Fig ii) 

We dared not, at this same time, make intraplantation on the right side, fearing 
that this w'ould be too much of a strain on the patient, and the double nailing would 
also have increased the risks for fat embolism On October 3, a new' operation with 
intraplantation of the piece from the left femur into the upper pait of the right femur was 
undertaken (Fig 12) As it was not possible to pull the bone pieces sufficiently apart to 
permit the insertion of the entire 4-cm -long bone piece, i cm had to be sawm out The 
lengthening w’as, therefore, only 3 cm Through these operations the difference between 
the legs was reduced from 18 to ii cm The healing progressed satisfactorily, and, 
already, four weeks after the last operation, the patient was allowed to rest on her Jeft 
leg, and after four more w'ceks she was able to bear weight on her legs We are think- 
ing of making a similar operation upon the low'cr part of her legs after six months or a 
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year Then the difTcrcnce in the length of her legs would only be 5-6 cm After a 
possible third opciation her legs might become of equal lengsh '' 

Case 15 — Finnish solditi, age 29 After shell injury, August 5, 1944, prolonged 
suppuration and loosening of bone splints When he entered the Sahlgrenska Hospital 
in August, 1945, the \\ound had been healed for two months Roentgenograms showed a 
defect pseudartbrosis, wuth more than 5 cm distance between the bone ends 

Operation — August 30, 1945 After excision of all fibrous tissue and freshening of 
the bone ends, a 25-cm -long marrow-nail was drn en into the bone marrow The bone 
defect was filled out by means of a 6-cm -long piece of one of the fibulae Very firm 
fixation resulted A mild suppuration arose which soon ceased after penicillin treatment 
Rocntgenogiam, 111 Tnnuarj, 1946, shows that the bone piece is healing in (Fig 13) 

CONCLUSIONS 

In conclusion, I should like to express my opinion that mednllm y-nmhng 
constitutes a vejy gicot advance joi icceni jiactiues, as well as foi pseiid- 
aitluosis and bone plastic In the tieatment of fractuies it can already, now, 
be said that this so-cailed '‘stable osteosynthesis’' is m many zc/ays supenoi 
to the old methods of tieatment, pai ticulai ly, the old foims of osteosynthesis 
In my opinion, it will involve an equally gieat revolution in the treatment of 
fractures in the femoral diaphtsts, as the method of nailing m the femoial 
neck did to the treatment of these fractuies In cases of pseudaithrosis and 
bone plastics marrow-naihngs give such a fii m fixation of the bone pieces that 
tlieir healing in is made considerabl} easiei As plastei need not often be 
applied, stiff joints aie avoided m seveial cases 

* In 1946 we did a new' similar tiansplantation and the difference in the length of 
her legs is now' 8 cm 

REFERENCES 

^ Kuntscher, G Intramedullary-naihng Experimental Study Klin Wchnschr , 19 

6-10, January 6, 1940 
^ Pascher Med Klin , 8, 1943 
® Bauer, K H Zentralbl f Chir 7 1943 
^ Bohler, L Der Chirurg 2 1943 
^ Cellanus Zentralbl f Chir 21 1943 

Surgical Service 
Sahlgrenska Hospital 
Gothenburg, Sweden 


591 



CARDIAC RESUSCITATION 
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Sudden cessation of caidiac activit) is an emergenc}', the recognition 
and treatment of which are pooily understood many surgeons Inadequacy 
of management of this catastrophe is common in the practice of general sur 
gery, but even moie so in the surgical specialties in uhich resuscitation is 
rarely achieved Prompt diagnosis, courageous decision and intervention 
based on a lehearsed plan of action can pi event fatalities which at the moment 
seem inevitable Experience Mith four patients in whom cardiac arrest 
occuired, and in vhom restoration of the heart beat was accomplished leads 
us to re-emphasize the teachings of such pioneers as Bailey^’ - Beck,® Wiggers^ 
and others who have stressed the basic principles on which treatment is 
founded 

Two pioblems demand attention The heart beat must be restarted, and 
the cential nervous system must not be deprived of oxygenated blood for 
more than three or four minutes Cerebral anemia of greater duration is 
follow ed by widespread cereliral cortical destruction and death This sequence 
of events occurred in two of our patients The other two patients Avere 
retuined to normal health 


diagnosis 

The primary cause of failuie m cardiac resuscitation is delay in diagnosis 
During intrathoracic operations the heart can be directly visualized and 
recognition of cardiac inactivity is easy If a major artery such as the aorta, 
the carotid, brachial or femoral can "be inspected or palpated through the 
operative wound the status of the heart beat can also be readily determined 
Under other circumstances, how ever, wdien no peripheral pulse is palpable and 
blood pressure cannot be obtained by auscultation, three possibilities must be 
considered (i) the heart has stopped beating entirely, (2) the i^entricles are 
fibnllating or (3) cardiac contractions are so feeble that insufficient blood is 
ejected to raise aiterial pressuie to the leAel at which a peripheral pulse can 
be felt The majority of patients aie doomed because minutes wdiich cannot 
be spaied are w^asted in searching for a stethoscope, in frantic palpation of a 
succession of arteries, in hasty consultation with colleagues summoned to 
judge a situation with wdiich they are unfamiliar 

The only certain method of ascertainmg whethei the heart is still beating 
IS to palpate 01 visualize the heart or large aiteiies directly A second, less 
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dependable pioceduic, is lo visuali/c the lelnial vessels Ihiough an ophlhal- 
niostope (in the .ihsence of caidiac conliactions the letinal aiteiies will 
not be visible ( 5 ) and the column of blood in the veins will be biokeii up into 
shoit segments) Theelectiocaidiographic tiacing unfoitunatel}^ cannot 
be leliecl upon The woik of Negovski indicates that at the time of caidiac 
aiiest the heail cuiienl can still (6) pioduce foi some time an electiocaidio- 
giam V ith deviations fiom the noimal The absence of capillaiy lefill is stiong 
evidence that the cn dilation has stopped but ma}’’ be difficult to evaluate 
pai ticulai ly in daik skinned individuals 

The implications of the above aie cleai Opening the thoiax is the only 
conclusive diagno^siK pioceduic If the heait has stopped or the ventiicles 
aie fibnllating minutes can be saved b} adopting the attitude of rapidly 
opening the chest foi diagnosis, wheieas if the heait is beating feebly little 
haim may have been done 


TREATMENT 

Aitificial ventilation ot the lungs with lOO pei cent oxj^gen and cardiac 
massage aie the essentials of thelap3^ 

The method of aitificial lespiiation depends upon the ciicumstances If 
cardiac attest has occuiied in the opeiating room, an anesthesia machine is 
satisfactoi} Afanual compiession of the breathing bag will inflate the lungs 
and the elastic lecoil of the lespiiatoi) oigans completes the cycle If lesus- 
citation is attempted elsewheie the bag and mask technic" oi the Kieiselman 
“bellows’ lesuscitatoi'^ aie simple and eftective One should guaid against 
eveessne intiapulmonaiy piessuies since such pressuies wall i educe venous 
letuin to the heait by blocking blood flow through the lungs®’ 

Although lespiiation (noimal oi aitificial) can cause some blood to cii- 
culate, the most efiectne mechanism foi movement of blood is the pumping 
action of a conti acting heait In the absence of spontaneous caidiac activity 
manual compiession of the ventiicles will piovide sufficient cii dilation to 
maintain the integiit) of the cential neivous system until ihythmic caidiac 
contractions aie le-established /Adequate exposure of the heait is theietoie 
essential and must be obtained at the eailiest possible moment 

A tiansverse incision in the fouith left intei costal space is best The 
fourth and fifth iibs can leadily be spiead apait and the heart giasped by the 
opeiatoi Exposuie may be mci eased by dividing the fouith and fifth costal 
caitilages A diiect approach through the chest wall is superior to an 
abdominal incision wuth an attempt to leach the heait thiough either an intact 
01 an incised diaphiagm Opening of the pencaidium is not required 
Tlie heait is compressed finniy at the late of 20-40 times pei minute, 
depending upon the adequacy with wdiich the ventricles fill betw’een compies- 
sions Each compiession raises aiterial piessuie 60-70 mm Hg and a pulse 
can often be felt in a peripheial vessel To inciease blood flow thiough the 
coionaiy arteiies the aoita may be occasionally compiessed just above 
these vessels ^ 
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The role of epinephrine in caidiac resuscitation is unceitain In the 
experimental laboratoiy when caidiac action has ceased it is common practice 
to inject this potent cardiac stimulant into the heart chambei, massage tbe 
heart and achieve a successful result Theoretical objections to tbe drug exist, 
however, since inci eased myocardial irritability and the development of ven- 
tricular fibrillation are known to follow its admmistiation If epinephrine is 
to be used, it should be placed into the auricle rather than the ventricle This 
confines any abnormal stimulus (chemical or mechanical) to a chamber m 
which fibrillation is of little significance 

VenUictilat fibullation If circulatory collapse is due to fibrillation of the 
ventricles rathei than to complete cessation of cardiac activity, a different type 
of therapy must be employed 

The most effective method of tieatment is the technic of serial defibrilla- 
tion developed by Wiggers An electric curient of 1 0 ampere (60 cycle) is 
passed through two brass discs 2-3 inches m diameter which aie applied to 
the sides of the heart Each shock lasts less than one second , 1-2 seconds 
elapse between shocks , 3-7 shocks as a rule suffice Wiggeis’ plan is to merge 
small fibrillatmg areas into largei ones, and then stop the entire fibrillation 
process with one final electric shock Electrodes can be kept sterile in oper- 
ating rooms, and application is simple once the heart is exposed Before 
counter shocks are thrown into the heart, it should be manually compressed 
for 30-60 seconds This provides blood for the myocardium and may 
improve the chance of recovery Countershock therapy is successful m a 
high percentage of instances Once fibrillation has ceased, of course, one 
IS again faced with the problem of re-starting rhythmic cardiac activity 

The use of procaine to prevent fibrillation and to tieat it once it has 
developed has been suggested There is no doubt that procaine raises the 
threshold of the heart to fibullation produced by epinepbnne It has 

also been shown that the intravenous or intiacardiac injection of procaine into 
anesthetized dogs which have developed cardiac arrhythmias with a shift of 
the pacemaker has caused a return of the pacemaker to the sinus node 
Finally, during cardiac surgery in World War II expeiience was gained 
which suggested that results on animals might be applicable to man Burstein^'’ 
injected single doses of 30-70 mg piocaine intravenously into 14 anesthetized 
patients with acute arrhythmias occurring during intrathoi acic suigery No 
untoward effects on the nervous system, respiration or circulation were 
observed The dysihythmias always improved, often dramatically Wiggers^® 
on the other hand, although admitting that procaine raises the fibrillation 
threshold of the ventricle, states that the drug is not a preventive and believes 
that It IS unwise to use depressants such as local anesthetic agents, or to 
attempt to modify conduction Stutzman et al also were unable to reverse 
ventricular fibrillation with intiavenous or intracardiac injections of procaine 
made within 30 seconds of the onset of the fibrillation The question is there- 
fore not settled and further work must be done to evaluate the myocardial 
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depressant action of this local anesthetic It must be leahzed that the 
intia\enoiis injection of piocaine without caidiac massage can accomplish 
nothing if the ventiicles aie fihnllatmg, since the diug cannot reach the heart 
Adpinctwc tlieiapy Successful caidiac resuscitation usually leaves one 
with a patient \\ho is unconscious foi a certain peiiod of time Such a patient 
must leceive constant caie if secondary complications aie to be avoided Secre- 
tions vhich accumulate m the phaiynx and tiacheobronchial tiee must be 
aspiiated Pi ophy lactic injections of penicillin aie often advisable to minimize 
pulmonai) infection The patient must be turned frequently from side to side 
to avoid hypostatic congestion in the dependent poitions of the lungs Urinary 
output must be maintained by an adequate fluid intake, and constant attention 
must be paid to the bladdei Inhalation of oxygen is employed, although it is 
uncertain vhethei this is helpful in the piesence of a normal arterial oxygen 
saturation Blood ^olume and hematocrit determinations aie of value m 
deciding whetlier blood oi plasma transfusions should be used All of 
these measures veie used in the management of the patients reported m 
this paper 


PROGNOSIS 

1 What is the likelihood that the heart can be started again ^ 

The heart is an amazingly resistant oigan, possessing rhythmicity and 
contractiht} which are difficult to destroy Kountz^" studied the hearts of 
individuals who had died five minutes to six hours prior to his examination 
By perfusing the coionaiy arteries he was able to revive 58 of 127 hearts 
Forty-eight of these beat rh)thmically for at least tvo hours Of 34 hearts 
which he observed within 30 minutes aftei death, 24 were revived Of 29 
others studied within 30-60 minutes, 17 resumed regular contractions He 
vas able to restore only four of the 20 hearts pei fused five to six hours 
postmortem 

Whether the heart can be made to beat again regularly, and whether this 
activity can be maintained depends upon the age of the patient, the cardiac 
status prior to the catastrophe and the cause of the cardiac ariest Young, 
healthy hearts can be lestored to normalcy with relative ease, but a myo- 
cardium damaged by toxemia, aiteiiosclerosis, hypertension, coronary insuf- 
ficiency, or narcosis is much less likely to recover 

In general, if prompt diagnosis is followed by prompt therapy, the heart 
can be started again If, on the other hand, there is hesitancy rather than 
boldness, or if intravenous therapy is attempted before attention is directed 
towards the heart, the myocaidium may have been sufficiently damaged by 
anoxia to resist all efforts at resuscitation 

2 If the circulation is restored, what will be the status of the patient’s 
central nervous system^ 

When the heart returns to a regular rhythm, and blood pressure is main- 
tained, spontaneous respiratory activity can be expected to reappear within 
5 to 30 minutes This indicates that medullary cells are the most resistant 
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in the central nervous s)stem, a fact clcail}^ established h} inanj iin estimators 
This also illustiates the fact that in the medulla itself the vasoinotoi center is 
inoie lesistant than the lespnatoi} eentci 

Once vital functions have been lestoied, two possibilities exist (i) Ihe 
patient may steadily impiove until consciousness is regained and a paitial or 
complete recovery is made Unless the petiod of cireulatoiy cessation has not 
exceeded two to thiee minutes the postoperative course is stoimy Or (2) 
consciousness is nevei legamed and death occurs The heart may again cease 
to beat within a few minutes 01 hours, or the fatality may be delayed foi 
weeks (26 days in one case lepoited in England^®) 

The duration of cerebral anoxia determines the prognosis Quantitative 
data aie not available foi man, but the woik of Weinbergei, Gibbon & Gibbon’ 
in cats, gives an index of the aliihty of the mammalian cential neivous s}stem 
to w'lthstand complete deprivation of blood supply These investigatoi s 
clamped oft the ptilmonaiy arteiy suddenl}' stopping blood flow' throughout 
the body The clamp w as 1 eleased at vai lous times and the degi ee of recover} 
was correlated as follows 


Dinatioii oj Cuculaloiy Aiicst Rccovciy 

I 2 min to 3 inin 10 sec Complete within 24 hours 
- mm to sH min Wildly excitable for 24 hours, gradual 

improvement until at end of one week there 
rennnied only alterations m behaMor and 
loss of normal intelligence 


3 6 mm to 7 l 4 mm Only three of nine animals sur\ived The 

typical picture was that of hyperactivity and 
w’lld purposeless bena\ior, followed by stupor 
or indifference to stimuli The cortex suf- 
fered irreparable damage There was blind- 
ness, spasticity and dementia The animals 
who sur\i\ed were little more than reflex 
mechanisms 


4 8>4 mm to io ]4 mm All sc\cn animals m this group died within 

7^ minutes to 48 hours of the circulatory 
arrest Coma, alternating with convulsions, 
w as characteristic of the brief sun ival period 

Certain factors may increase the resistance to anoxia Foi example, 
anesthesia may protect by depressing cellular activity, and 1 educing the 
demand for oxygen pei unit of time This has been demonstiated by Rosen- 
thal, Shenkin and Drabkin^'’ m carbon monoxide poisoning in which 75 per 
cent carbonyl hemoglobin was found to be the ciitical level foi intancstlieficed 
dogs Lesions of the brain weie ahva}s seen in dogs kept for biief peiiods 
undei these conditions Dogs iindei light surgical anesthesia wuth nembutal, 
however, smvived, without ill effects, acute caibon monoxide hypoxia at 
levels as high as 85 pei cent (and in one instance 93 pti cent) of HbCO in 
the blood Fiirtheimoie, if caidiac airest occuis during the couise of closed 
system anesthesia and high oxygen concentiations have been used, the extra 
oxygen dissolved in the plasma may piolong survival of the cential neivous 
system 
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CASE REPORTS 

Case 1 — A S, a 5i->cai-old Negro male, had a toxic nodulai goitei for at least ' 
fne ycais pnot to admission Foi thice yeais he had had auricular fibrillation and, 
because of thvrocaidiac sjmptoms, was a Mitual invalid Repeated courses of iodine and 
thiouracil lesultcd in incomplete remissions but he lefused operation until the present 
admission Dining the pciiod of pieopeiatnc prcpaiation be was digitalized, and gained 
weight satisfactorily 1 he iisk of opciation was not consideicd unusually great 

On 3/3/47. the inoining of opeiation, he w'as given moiphine 10 mg, scopolamine 
hydrobiomidc 03 mg, and ati opine sulphate 04 mg at 7 30 a xr At 7 50 am, 10 cc 
of a 5 pel cent solution of pcntothal were administeicd rapidly and an endotiacheal tube 
was inserted Anesthesia was maintained with a slow drip of l pei cent pcntothal 
sodium and inhalation of a 70 pci cent nitious oxide, 30 pei cent oxygen mixtuie 
through a partially closed sc stem Dining the fiist 25 minutes of the operation the 
siiigeons thought the blood was abnormalU daik The anesthetist did not believe it 
was darkei than noiinal \cnous hlood and consideicd that thcie was no evidence m the 
pulse rate or blood pressuie of oxvgcn deficit Substitution of cjclopiopane foi nitious 
oxide resulted in a much ligbtci coloi of the blood Tbc blood pressuie piomptly rose 
trom 140/80, which it had been since the beginning of the opciation, to 210/90, then to 
230/90, and the pulse became inoie iiiegular With lesumption of the nitrous oxide- 
oxegen mixtuie the hlood again bceamc daik and the blood pressure gradually fell, 
during the next 15 minutes, to no/So, with a pulse rate of 78 

Fifty-fi\c minutes after the opciation was begun the tcmpoial pulse, which was 
being constantly iialjiated, suddenly disappeared This occuried betw'cen 8 59 and 
9 00 AM Approximately 4 minutes latci the chest w’as opened and the diagnosis of 
cardiac airest was confirmed \fter thirty seconds of cardiac massage the heait began 
to beat spontancoush and the blood picssuie was 100/70 One minute later the ventricles 
began to fibrillatc and the heart was again massaged Two cc of i per cent procaine 
were injected into the pcncardium and i cc into the light vcntiiclc Bronze disc 
elcctiodes were applied to the heart and after the thud electrical shock (2 amp) which 
caused a Molcnt spasm of the entiic body, eentrieiilai fibi illation stopped and normal 
spontaneous ^cntrIcular rhythm resumed (9 15 am) although the auiiclcs continued to 
fibrillatc Less than one minute latci spontaneous respirations (24-30 per minute) began 
and the blood picssurc was 140/80 Resection of the light lobe had just been completed 
when cardiac ariest occuircd The wound was quiekh closed The total dosage of i 
pei cent pcntothal sodium w'as 63 ce 

At 9 37 \M a sw'allowmg icflcx was noted and at 1030 am, during tracheo- 
bronchial toilet and removal of the endotracheal tube, the cough leflex appeared quite 
active Tbc pupils w’cre quite small and icactcd sluggishly to light 

After resumption of spontaneous caidiac activity the pulse rate and blood piessure 
remained remarkably constant, the pulse ranging from 80 to no, and the blood piessure 
fiom T2o/So to 110/95 At II AM the rectal tcmperatuic w'as 102“ F Fearing hyper- 
thermia, an ice pack w's applied fioni toes to chest This soon caused violent shivering 
and pei iphcral cyanosis, but 1 educed the tcmperatuie to 99° F Whenever the rectal 
teinpciaturc rose to 103° F ice w'as reapplied and this w'as always aecompamed by shiv- 
ciing and cyanosis The repeated use of ice packs w'as effective m keeping the rectal 
tcmperatuie below 104 5° F 

An electrocardiogram at 1 1 am showed a right bundle branch block, wnth inverted 
P waves m leads 2 and 3, and in all chest leads At 12 45 a m another electrocardiogram 
showed fiequent auricular extia systoles, and almost complete disappearance of the 
bundle blanch block The T waves w'eic upiighl in the limb and chest leads 

On neurologic examination at 1230 vm theie was no spasticity but all deep 
reflexes w'erc hyperactive, and there were positive Hoffman and Tioemmer leflexes 
Plantar responses weic neutral, abdominal reflexes were absent, and theie was no clonus 
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At 7 00 p M brief clonic convulsions involving both lower extremities began and 
an hour later there were violent, generali2ed clonic convulsions These continued to 
occur at frequent intervals, ranging from a few seconds to several minutes m duration 
The cerebral spinal fluid pressure was normal and the fluid was clear About midnight 
Cheyne-Stokes respirations were noted and thereafter recurred at frequent intervals 

During the next four days the picture remained essentially the same, i e , a comatose 
patient, with intermittent generalized clonic convulsions and Cheyne-Stokes respirations 
The pupils reacted sluggishly to light At times a corneal reflex was noted and on a 
few occasions pressure on the supraorbital nerves resulted m slight movement of the 
right arm Accumulation of tracheobronchial secretions required more and more frequent 
aspirations One millions units of penicillin daily were given prophylactically Fluids, 
electrolytes, and vitamins were gi\en parenterally and the urinary output Avas more than 
1500 cc daily On the night of the fourth postoperative day he was ob\iously moribund 
and death occurred at 10 30 a m on 3/8/47 

Case 2 — B A , a 21-year-old female with gangrenous appendicitis An appendectomA 
Avas begun at i 30 a M , 4/4/46 under procaine-pontocaine spinal anesthesia This patient 
AA'eighed 190 lbs and Avas only s'l" tall Her sensory level of anesthesia rose rapidly 
to the sixth cervical dermatome This Avas accompanied by inability to talk, respiratory 
depression and finally acute circulatory failure, AVith no obtainable blood pressure The 
full significance of the situation Avas not appreciated by the anesthetist for a feAV minutes 
at least, so that it is difficult to determine the exact duration of cardiac arrest Avith 
certainty This is estimated at six to eight minutes at a minimum Therapy consisted of 
an mtracardiac injection of desoxA^ephedrine, and artificial ventilation Avith too per 
cent oxygen Cardiac massage through the diaphragm Avas then instituted and continued 
for eight minutes before spontaneous cardiac contractions began With each cardiac 
compression an impulse could be palpated in the radial artery With the return of 
rhythmic action the blood pressure Avas 102/80, pulse rate 120 Spontaneous respiration 
Avas noted in 30 minutes Soon after breathing Avas re-established tAVitching of the arms 
and legs commenced The operation AA'as completed at 3 a m Blood pressure at the end 
of the operation was 80/50, pulse 140 

Four hours postoperatively rectal temperature had risen to 108° F and the tAVitch- 
ings described above had progressed to seA'ere conAulsn^e movements of the entire bodi 
Ice Avater sponges and ice AA'ater enemata together Avith sodium luminal 60 mg intra- 
muscularly were administered and an electric fan Avas set up to bloAV over the patient’s 
body The twitchings Avere reduced in frequency and intensity and the temperature fell 
to 102° F At this point the patient responded to painful stimuli by moaning and by 
moving her extremities 

At the sixth postoperative hour the blood pressure Avas 70/50, temperature 104° F 
and the patient was given 150 cc of 50 per cent glucose by A^ein This AA'as administered 
m an attempt to decrease the cerebral edema thought to be present folloAVing severe 
anoxia Avhether by coincidence or on a cause-effect relationship The response to this 
therapy was dramatic The patient became much quieter, the temperature fell to 99° F , 
the pulse rate fell from 120 to 80 per minute and the blood pressure rose to 114/58 
The general appearance Avas more that of sleep At the eighth postoperative hour pro- 
jectile A'omiting began and the patient moaned and moved about in bed Neurologic 
examination at this time revealed a positive Babmski reflex on the right side, frequent 
contractions of the extremities, e>e balls rolled up, pupils reacting to light Twelve hours 
postoperatively it appeared as though the patient might recover She seemed only 
semistuporous and responded to her name Considerable difficulty Avas had in maintaining 
an adequate blood pressure and for the greater part of this first postoperative day her 
blood pressure ranged betAveen 70 and 90 mm Hg systolic The usual anti-shock meas- 
ures Avere employed Estimates of plasma A'olume at this time indicated a volume of 
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3200 cc which was about 500 cc below her supposed normal An hematocrit of 33 per 
cent was obtained 

The next problem which presented itself was that of mucus in the tracheobronchial 
tree Frequent aspiration was necessary and finally an endotracheal tube was inserted 
and considerable amounts of blood-stained mucus were aspirated frequently The 
patient’s color remained good, Mtal signs were adequate and because of her apparent 
response to relatively slight stimuli it was felt that she would survive A neurologic 
examination made 12 hours postoperatively (Dr A M Ornsteen) was reported as 
follows "Sensorium clouded, mildly reactive to pain stimulus, blinking active with eyes 
open, probably not conscious of light stimuli Pupils 3 Mm react well and equally 
Fundi normal Trismus, neck free, general flexor spasm of distal portion of limbs 
Spinal reflexes of defense marked Fragmentary tonic neck reflex, as head moved to 
right the right arm came up, no pathologic reflexes The present picture is that of 
mesencephalic edema, secondaty stasis and pernascular diapedesis” 

During the next 24 hours the patient became less reactive She responded less to 
stimuli At the same time it w'as evident that despite frequent tracheal aspirations there 
were manj coarse rales w'hich remained in the larger bronchi She was bronchoscoped 
and thoroughly aspirated In spite of an adequate fluid intake urine volume W'as small 

Cyanosis and labored respiration were first noted 48 hours postoperatively This 
was associated with a sudden decrease in blood pressure and with spasticity and con- 
vulsive seizures The rectal temperature, w'hich had been slowly rising, reached 106“ F 
It became obvious that serious cerebral damage had occuried and that if the patient 
survived she w'ould be decerebrate She was in deep coma During the remainder of her 
course she had recurring bouts of C}'anosis, labored respiration and hypotension She 
died of pulmonaiy edema 64 hours postoperatively Autopsy revealed pulmonary edema 
as the only gross finding 


Case 3 — M L , age 20, with mediastinal tumor An exploratory thoracotomy was 
planned, and anesthesia w'lth cyclopropane-oxygen was begun at 1250 pm, 6/1/45 
Because of a gross merdose of the anesthetic agent, or as the result of an inhibitory 
reflex secondary to endotracheal intubation,-^ heart action ceased at i 01 pm One cc of 
I 1000 epinephrine was injected into the right ventricle and 100 per cent oxygen was 
administered through the endotracheal tube Since epinephrine caused no response, the 
patient was moved into the operating room, the thorax w'as opened under aseptic technic 
and cardiac massage of a motionless, flabby heart w^as begun at i 06 pm Feeble con- 
tractions were noted after the third compression Once started this cardiac activity 
increased steadily in vigor until full rhythmic beats w'ere evident Blood pressure rose 
to 140/100 Spontaneous respiration was noted 25 minutes after the heart started to 
beat again 

At 2 15 p Jr limb reflexes w ere hyperactive but no abnormal reflexes were elicited 
The patient moaned occasionally and moved her extremities about aimlessly At 3 45 
PM twitching of the limbs was first noted These spasms, brief at first, progressed in 
severity and duration until at 4 15 pm there were rapidly recurring tonic bouts of 
rigidity involving the entire body These episodes which lasted 60 to 90 seconds could 
be initiated by even the slightest stimulus By 5 30 pm the rigidity was less intense 
and spasms occurred less frequently At 7 00 p m some of the patient’s movements 
appeared purposeful She was no longer comatose, but was in a state of semi-coma 

By 9 00 p M the spasms of rigiditv had almost ceased In their place there occurred 
violent muscular activity in response to such stimuli as extension of the arm Restless- 


ness was marked and restraints were necessary At 12 00 midnight the patient looked 
and acted like a wounded animal, screaming aloud, incoherently, and thrashing around 
in bed Blood pressure was 120/96, pulse 108, respiratory rate 24, rectal temperature 
101° F Bouts of extreme activity alternated with periods of deep sleep After each of 
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these rest periods she seemed on the verge of talking and could squeeze one’s hand in 

response to a command By 4 00 a m she was less restless and responded less violentlj 

to stimuli Her fingers were held as though in tetany, or parkinsonism Her arms were 

folded across her chest At 8 00 a At she opened her eyes and at 9 00 a ai spoke her 

name distinctly She continued to sleep for the majority of the time 

At 2 00 PAi, 6/2/45, a neuiologic examination (Dr A M Ornstcen) was reported 
as follows “The patient is somnolent When aroused she co-operates well , attention 
IS only fair, apperception poor She localizes phjsical distress well Left arm less used 
m gestures Neither arm or either leg can be held up a \ c 11 The upper extremities drift 
down, left more than light Lower extremities not held up at all Extraocular movements 
normal, no nystagmus, pupils normal, react to light, fundi negative Hand grips are good 
consideimg the circumstances Left ankle jerk is weak, right ankle jerk absent Neither 
knee jerk obtained Arm jerks present, right greater than left, normal plantar reflexes 
No abdominal reflexes Djsarthnc but not asphasic” kfent il confusion pcisistcd 'I litre 
were periods of complete 11 lationahtj and marked rtsllcssntss siiLttcdcd b\ profound 
exhaustion and deep sleep When awake she spoke dislinctlv but with hesitation Slit 
recognized her fainih and called them bj then piopcr names 

June 3, 1945 The patient carried on an intelligent conversation but had retrograde 
amnesia and appeared euphoric Tvv'clve hours later this mental attitude was replaced 
by one of antagonism 

June 4, 1945 She was oriented foi the first time, knew where she was but had no 
idea of recent past events 

June S, 1945 Completelv rational duiing the dav, but at night she was seized with 
vivid hallucinations and episodes of disorientation She was up m a wheel chan and 
although weak, she exhibited good motor control 

June 6, 1945 Began to recall events before her operation, knew for the first time 
where she was and why she was there 

June 8, 1945 Much clearer mentally, but veij tired and irritable 
June II, 1945 Neurologic examination was entirclv negative “No cerebellar or 
dysarthric signs No subjective complaints Extraocular movements normal, no nj'stag- 
mus No cranial nerve changes Plantar reflexes normal Mental status now normal 
Consider her fully rcceiv'ed ’’ The patient was discharged on June 22, 1945 On Sep- 
tember 19, 1945, a right pneumoncctomv was performed bj one of us (W HE) and a 
malignant tumor of the right upper lobe was removed Anesthesia and surgery progressed 
uneventfully on this occasion A follow-up report on June 25, 1946, indicated that metas- 
tases had occurred and the patient was losing weight stcadilj klentallv she continued 
to be normal 

Case 4 — Chao Da Thea, a 22-year-old Chinese soldier, was given a right brachial 
plexus block at 8 10 a ai , February 9, 1944 A supraclavicular approach was used 
Aspiration befoie injection of the local anesthesia produced no blood During a four- 
mmute period 16 cc of 2 pei cent metjxaine in water with epinephrine were deposited 
over the trunks of the brachial plexus At 8 14 aai the injection was stopped because 
the patient began to retch Cyanosis of the lips was noted Blood pressure was 120/60, 
pulse rate 108 One hundred per cent oxjgen was administered by a B L B face mask 
At 8 20 A AI the pulse was still palpable Two cc of a 5 per cent solution of pento- 
thal were injected intravenously At 821 aai respiiation ceased, nor could pulse or 
blood pressure be obtained The lungs were artificially inflated with oxygen from an 
anesthesia machine At 8 22 a ai the heart was first examined with a stethoscope and 
no sounds weie audible 

The chest was hastily prepared for an incision m the Sth left interspace The heait 
was exposed at 8 25 a ai It was in standstill Artificial systole was begun manually 
Rhythmic contractions appeared after 60 seconds of this therapy At 8 40 a ai spon- 
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tancous lespiiatoiy actnitv was noted, and 5 minutes later the patient began to move 
about on the opeiating table Ihe thoracotoiu}'^ incision \\as closed at 8 55 A M , at which 
time the patient was tin ashing aiound wildly and gioanmg aloud 

Foi the next houi and one half, the patient exhibited the clinical pictuie of cerebral 
initabiliti lesiilting fioni acute hjpoxia He was manic and showed bizane neurologic 
phenomena — atypical opisthotonos and spasticity of the flexoi muscle groups There was 
a ihythnnc pattern to the convulsive activity, two 01 thice minutes of wild excitement 
and geneiahzed niusculai ngiditv being followed by moments of quiet and relaxation 
Oxygen was adnnmstcied mtcmiittcntlj thiougliout this peiiod 

Ten cc of a 5 pei cent pcntotlial solution w'cre adniimsteied mtiavenously from 
10 20 to 10 30 \ Ar in an attempt to contiol the hyperkinetic activity wuth light narcosis 
‘Vt n 00 A M the effects of this had largely disappcaicd During the next fom liouis, 
the patient’s general condition leniamed the same Theie weic alternating pcuods of 
motor lestlessness and spasticib and quiet He began to lespond to external stimuli by 
opening his eves No Inpeithdinia de\ eloped By S oo r m he had lecovcicd conscious- 
ness and answeied questions He was still obMously confused Rectal tcmpciatuic was 
1003° F The circulation was noinial 

the following 11101 nmg, lie had made a eoinplctc lecovciy, and theie w'eie no 
sequelae of any kimi Recoeciy was unc\cntfiil The patient got out of bed on his 
fointh postopeiatne dai He was seen again six months latei and w'as found to be 
completeh normal 

COMMENT 

The causes of caichac attest in the four pattents dtsettssed above tvete 
1 at ted In Case i man) factots tequtte constdetatton Catdtac damage was 
alteadv piesent pteopetattvely Dtgitahs had been admtnisteted This drug 
pc) se IS believed to inciease m}ocaidtal nittability Anoxia was evident 
dining pait of the stiigical pioceduie The sudden use in blood pressuie ten 
minutes befoie the catastiophe may have placed a gieat load on the heart 
Finall}, the possibility of vagal leflexes aiismg as the lesult of manipulation 
aiound the thyioid gland should be mentioned In all piobability the combin- 
ation of inci eased tvoik, deci eased ox}gen supply, and inci eased niitability 
pi oved too much foi a th} 1 otoxic heai t 

In Case 2, a so-called total spinal anesthesia was unfoitunately achieved 
Paralysis of the muscles of lespiiation occuned together wnth a shaip 1 educ- 
tion in blood piesstiie Deci eased coionaiy blood flow, and a diminished 
venous 1 etui 11 of such magnitude that the heait muscle had little against which 
to contiact would seem sufficient explanation foi caidiac failuie undei these 
ciicumstances In Case 3 an oveidose of the anesthetic agent, 01 cardio- 
mhibitoiy leflexes secondaiy to endotiacheal intubation weie piobably lespon- 
sible foi caidiac aiiest in an othenvise noimal, young giil In Case 4 one can 
postulate idiosyncrasy to the local anesthetic agent, 01, moie likely, inadvei- 
tent mtiavenous injection 01 lapid absoiption of the ditig The depiessant 
action of even a small dose of pentothal under these ciicumstances may have 
been contributory 

Faced wnth a heait which was not beating, the anesthetists and surgeons 
in each instance leacted with what might appeal to be reasonable piomptness 
Cardiac massage w^as instituted and lestoiation of the heait beat was accom- 
plished “Reasonable piomptness,” howevei, was inadequate, for only twm 
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of the patients made complete recoveries In Cases i and 2 the delay of five 
to eight minutes before the heart was manually compressed was followed by 
irreversible anoxic changes in the ceiebral cortex The margin between a 
r successful outcome and a fatality is indeed slim as these four experiences 
indicate 

If cessation of cardiac activity has been brief, convalescence may be indis- 
tinguishable from that seen in the aveiage surgical patient, as illustrated by 
case reports of Lium^° and Adams and Hand If the duiation of cerebral 
anoxia has been slightly more prolonged, convalescence may be stormy, but 
with indications of steady impiovenient as each hour passes (Cases 3 and 4) 
Cases I and 2 on the othei liand, are examples of the tragic decline of an 
organism which has suffered iiieversible changes 

Acute febrile lesponses (i02°-io8° F ), manifestations of cerebral cortical 
irritability (muscular rigidity, twitching, convulsions, hyperflexia) and vary- 
ing degrees of coma are charactei istic The time of onset and the duration of 
these phenomena ai e of interest since analysis of such data may permit predic- 
tion of the outcome of a particular case Oui experiences indicate that 
recovery can be piedicted on the basis of events occurring vithin the first 12 
hours Persistence of coma beyond this period is unfavoiable It is to be 
hoped that this type of patient will be moie accurately obseived in the future, 
particularly from the neurologic standpoint Much information of value can 
be obtained from such studies 

Certain problems raised m this papei demand investigation It is apparent 
that the biain is the most vulnerable of all body tissues as fai as oxygen 
deficit IS concerned Is theie any means of protecting this organ preoper- 
atiiel)'^^ Can a reserve of glucose, enzymes, vitamins 01 other essential ele- 
ments be built up in the same way as the liver is protected by preoperative 
therapy^ If this is impossible, can the need of the biain foi oxygen and 
nutritive material be safely reduced in some way during operation so that in 
an emergency the time of suivival of the cential nervous system may be 
prolonged^ Finally, since time is so important, should attention be directed 
at once towards perfusing the brain via the caiotid arteiial system before any 
other therapeutic efforts are made^ Of the measures commonly adopted 
during the management of cardiac aiiest epinephrine and piocaine lequire 
further critical study Both have clinical and experimental evidence suggesting 
their utility, yet theoretical objections to each aie stiong The status of intra- 
arteriaP^’ and intracardiac-^ infusions must also be defined By immediately 
1 aising pressure throughout the ai terial ti ee the former has distinct advantages 
over the intiavenous loute for administration of fluid and by providing a 
volume of fluid against which the ventiicles can contract the lattei may be 
useful 

Above all, however, is the necessity for a greater awareness of the possi- 
bility of cardiac arrest on the part of anesthetists and surgeons Resumption 
of normal cardiac activity must be the first consideration, when deterioration 
of a patient’s condition becomes evident 
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SUMMARY 

Piompt diagnosis and pionipt theiapy aie essential foi cardiac resuscita- 
tion Treatment must be boldl} executed accoi ding to a cai efiilly worked out 
plan, consisting piimaiily of aitificial lespiration with lOO per cent oxygen 
and cardiac massage The success oi failuie of such a program depends 
entirely on the length ot time that the biain is \Mthout blood supply If restor- 
ation of the cii dilation occuis within thiee to five minutes complete lecoveiy 
can be expected, particulaily in }oung, previously healthy individuals If 
much moie time than this elapses befoie resuscitation, permanent ceiebral 
damage will occiu The com se of foui patients m w horn cardiac i esuscitation 
vas successful is described 


Acknowledgement is made to Philip ]M Gleason, At D , who assisted in tiie treat- 
ment of Case 4 
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The \\ork lo be described, which was the subject of a piehminaiy com- 
munication,^ had as its piincipal object a complete study of the mtiogen 
balance of burned patients, including the loss of piotem in the exudation fiom 
the burned area Foi a time, howevei, ward facilities weie not lehable foi 
accuiate metabolic work, and attention was theiefoie diiected to simple 
deteimination of the nitiogen in the mine, measurement of the cieatinine 
and cieatine excietion, plasma piotem estimations, and so on While some of 
that woik has been useful, it is unfortunate that many of the eaily figures 
obtained had lo be disiegaided, as examindtion of the w'aid lecords showed 
that no 1 chance could be placed on the collections of mine being complete oi 
on then having coveied the stated peiiods of collection As stated in the pie- 
liminary note, this liouble was laigely due to shortage of tiamed staft , and it 
IS part of the pm pose of this lepoit to diaw attention to the absolute necessity 
for the collection ot specimens to be undei the supei vision of a leliable, respon- 
sible peison, if the laboiatoiy woik in such metabolic investigations is not to 
lie vitiated 

In ceitain cases, although the mine specimens weie cleaily not accuiate 
24-houi collections, it is possible to give a figure foi the aveiage daily nitiogen 
excretion over a peiiod, as little 01 none appeared to have been lost 

Since then we w'eie foitunate m seeming the sei vices of Nuise L Thrus- 
sell for a short time (b) the kindness of Piofessoi R A McCance) and, 
more recently, of Sistei R M Selle} they ha\e looked aftei the patients on 
w'hom nitiogen balances weie earned out and have supei vised the feeding and 
the collection of specimens 111 these cases 

The repoit is divided into the follownng sections 

1 Urinary mtiogen excietion 

2 Nitrogen balances 

3 Nitrogen in the exudate fiom the burned aiea 

4 Plasma proteins 

5 Creatinine and creatine excietion 

6 Proteinuria 

7 Chloi ide exci etion and plasma chloi ide level 

8 Blood sugar levels 

It was hoped to do some woik on the mtiogen paitition of blood and 
plasma and mine, m view of the laige undetei mined nitrogen values reported 
by some of the Ameiican wmikeis,"’® but unfoi tunately piessuie of work 
pi evented this 

The lesults of Inei function tests m many of these cases aie to be pub- 
lished by Mr Garfield Thomas 
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METHODS 

Uime was collected in bottles with chloroform, oi a 5 per cent solution of 
th\mol in chloiofoim, as pieservative 

Total nitiogen in uiine was determined by the Kjeldahl method Checks 
were carried out at inteivals with solutions of pure urea, when theoretical 
lecovenes weie ahva)’'s obtained 

Feces w’^ere not usually tested, the fecal nitrogen generally being taken as 
one-ninth of that m the urine 

Exudate The exudate w'as collected in Cellucotton or w'ool, the dressings 
being coveied with washed/ sterilised Cellophane placed immediately under 
the ciepe piessuie bandages to minimize leakage The nitrogen in the 
dressings was detei mined by boiling them wuth lo per cent sulfuiic acid and 
taking a sample of the mixture foi Kjeldahl digestion It was found 
necessary to keep the disintegrated dressings vigorously stirred m order 
to prevent bumping this staring has the further advantage of breaking up 
the dressings and assisting m the formation of a uniform mixture A blank 
value for dressings and reagents was obtained by treating in the same w'ay an 
approximately equal quantity of the mateiials employed The lesults were 
further corrected for the nitrogen in the penicillm-sulfathiazole cream used, it 
being assumed, for pin poses of calculation, that little or none of the sulfathia- 
zole had been absoibed (Absorbed sulfathiazole wull have been excreted in 
the urine, so that the erior introduced by this piocedure m calculating the 
total balance is negligible, especially in view of the other souices of error For 
accurate assessment of the exudate nitiogen some account would of course 
have to be taken of the exact amount of sulfathiazole remaining in the dress- 
ings ) Duplicate determinations on samples of the uniform mixture generally 
agreed to within 0 5-1 per cent 

Earlier estimations of exudate piotein w'ere made by Miss E Semeonoft 
by soaking the dressings in water, treating a sample of the solution with 
sulphosahcyhc acid and matching the resultant turbidity with the permanent 
standaids of King and Haslewood ^ 

Food A fi action, usually one fifth, of the food was kept aside and at the 
end of the balance period ground to a uniform paste A portion of this 
(eg 50-100 Gm ) was heated on a watei bath wnth a little sulphuric acid 
for several hours, and samples of the resulting solution or fine suspen- 
sion weie taken for Kjeldahl analysis, the digestion mixtuie of Chibnall, 
Rees and Williams® being used In most of the balances eggs were not 
tested, on account of the food shortage, and the nitiogen was calculated from 
tables (McCance and Widdowson®) on the basis of the number and average 
weight of eggs consumed All other nitrogenous foods were analysed 

* The Cellophane was washed in order to remove a water-soluble nitrogenous sub- 
stance that might have contaminated the dressings The washed film was dried and 
autoclaved before use 

**' While every effort was made to avoid loss it is probable that m some cases 
there w'as a slight leakage of exudate 
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Vomit was homogenised in the same iia} as food, and a portion taken 
for analysis 

Plasma pioteui was estimated by the micio-digestion and nesslensation 
method of King' Checks on leagents, digestion and coloiimetiic matching 
weie carried out at intervals by using puie solutions of glycine, when satis- 
factoiy lesults weie obtained In some cases seium piotein was estimated, 
with the phenol leageiit of Folm and Ciocalteu (Gieeiibeig, 1929^), in Mr 
Garfield Thomas’s laboiatoii 

Uiinaiy aeatmme and ocatine weie deteimmed b) Fohn’s® method In a 
feiv cases a modified Benedict method foi total cieatmme, described by 
Macy,^® was tried it consists in evapoiating the mine with normal hydio- 
chloric acid, the drying being completed on a watei bath to avoid chan mg 
and the lead treatment being omitted Macy states that this method was 
found satisfactoiy in hei study of cieatine excietion in children, but she 
investigated noimal childien, and in the present writer’s experience the 
residue fiom the urine of burned patients sometimes daikens sufficiently on 
evapoiation with Itydiochlonc acid to give a high lesult Creatinine and 
creatine estimations iveie usuall}- done within 24 hours of receiving the urine 

Plasma chloiide ivas deteimmed on o 5 or i ml by digestion wuth silvei 
nitrate in nitric acid and back titration with alcoholic potassium thiocyanate 
after the addition of alcohol Blood ivas collected under liquid paraffin and the 
plasma separated as soon as possible 

Vi me chloiide ivas determined by the Volhard method, essentially as 
described by King'^ 

Blood sngai was estimated by the method of Folm and Wu adapted for 
0 I ml , described by Harnson.^^ 

Calculation of the aieas binned was done by the surgeon and was based 
on Berkow’s^^ values 


RESULTS 

Uiinaiy mtiogen excietion The unnaiy nitrogen excretion was measured 
in 20 cases, in 7 of which nitrogen balances were carried out Results in a 
number of other cases are omitted for the reason given above The cases are 
arranged in four arbitrary groups, as in the Glasgow Burns Unit report (L 
Colebrook et al , 19441^), viz 

Group I 1—5 per cent of body surface burned 

Group II 6-15 per cent of body surface burned 

Group III 16-30 per cent of body surface burned 

Group IV over 30 per cent of body surface burned 

The results are summarized in Table I, from which it will be seen that few 
of the urinary nitrogen figures in Groups I and 11 are excessive and that 
some are in fact low^ The highest nitrogen output observed was in Case 15, 
a man of 28 wuth 20 per cent burns, who excreted 40 Gm of nitrogen in a 27- 
hour collection of urine beginning thiee days after the burning This high loss 
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Tabll I — Unna>y NiUoqcu E'lciclioii in Binn Ca'ici 

Bum Lued or 

C ^se Age ri isim died 

No Sex Totnl Deep Dnilv tJriinrv N'trogen Tnnsfii‘;ed Remarks {davl 


Gkolp I C\‘?rs 


I 

54 

r 

s% 

0 

A\ enge 8 0 Gm N per da\ for 

None 

Tpileptic Admitted y\ith 

L 






first 8 da\ s 



slight infection of burns 
(tiiiickly controlled) 


2 

25 

M 

21/;% 


^\erage 10 1 Gm 
for first 3 days 

N per day 

None 

Afebrile Uninfected 

L 

3 

37 

M 

2E% 

iK% 

A\erage 13 8 Gm 

N per day 

None 

Afebrile after 3rd day 

L 






from 2iid to 5th day 


Linmfected 


4 

58 

M 

1% 

1% 

\\erage 14 5 Gm 

N per day 

None 

Afebrile after 3rd day 

L 






for first 0 days 



Uninfected 


5 

13 

M 

•1% 

0 

A\eragc 7 2 Gm 

\ per day 

None 

Tcbrile fir^t yyeek but iin 

L 






from 2nd to 6th day 


infected 








Gitoi P II 

Cys! s 



(> 

10 

M 

6% 

0 

\\erago 4 9 Gm \ per day for 

None 

\febrile after 3rd day 

I 






first 13 day s 



bnmfected 


7 

30 

M 

15% 

5% 

\\erage 15 6 Gm 

per day 

1 litre 

"flight pyreyia yyith Io\y 

I 






for first 18 days (no urine col 


Rnde infection fir^jt 6 







lections on 9th 10th 11th 14th 


w eck‘5 







and 15th day s) 










Ml Urine (24 Jirs ) Gm N 




8 

16 

M 

7% 

3 5% 

530 (2nd day) 

8 2 

None 

Clinically uninfected 

I 






2200 

21 9 


throughout but slight 







2730 + 

16 1 + 


pyrexia for first 7 days 







2570 

16 95 


(•tee case notes beloyy) 







168o 

17 2 









2200 

23 1 









2020 

•21 8 









1200 

23 65 









990 

16 3 









1280 

19 7 









990 

13 3 









1270 

21 7 









1000 + 

13 7 + 









11I3 

19 7 




9 

29 

M 

6% 

0 

1900 

12 2 

None 

Clinically uninfected 

L 






1930 

16 6 


throughout Afebrile after 







I860 

19 5 


first 48 hours (See case 







1750 

20 6 


notes beloyy) 







2550 

21 4 









1700 

19 0 









1400 

17 0 









1575 

12 1 









1560 

18 3 









1700 

13 8 




10 

9 

M 

6% 

3% 

Average ca 7 Gm 

N per day 

None 

Low gnde infection \\jth 

I 






from 2nd to 7th day 


p> rexi'i 2nd week 







MI Urine 

Gm N 




11 

58 

M 

9% 

4% 

1070 (6 hrs) 

I 0 

None 

Clinically uninfected and 

I 




1300 (13 hrs) 

7 Oi 


'ifebnle throughout {'^ee 







2480 (23 hrs) 

13 4 


case notci. below) 







390 ( 1 hr) 

I 65 









1455 (24 hrs) 

9 23 









2595 (26 hrs) 

20 75 









1610 (22 hrs) 

10 2 









2595 (24 hrs) 

IS 5 









470 (IK hrs) 

1 35 


— — 




608 



Volume 127 
Number 4 


METABOLIC STUDY OF BURN CASES 


Table I — Unnmy Niiiogen Excietion m Bittn Cases (Coni ) 


Burn Lived or 

Case Age, Plasma died 

No Sex Total Deep Dailj Uiinary Nitrogen Tiansfused Remarks (day) 


7 % Ml Urpie (24 hrs ) Gm N 

10 days] 1100 (17) 4 hrs) 

5 55 

after ad- ^ 1840 

9 8 

mission] 1880 

9 2 

1010 

6 15 

1400 

7 35 

1850 

10 85 

900 (6 hrs) 

6 05 

365 (18)4 hrs) 

3 15 

830 

13 35 

1385 

8 6 

730 

13 6 

1160 (27 hrs) 

8 5 

1280 

8 25 

1135 

3 4 

1400 

5 3 

1950 

7 1 

2010 

7 65 

1150 (22 hrs) 

4 85 

1975 

8 5 

2060 

7 35 

1820 (25 hrs) 

6 95 


None Clinically, slight low grade L 
infection Temperature 
never above 100° F (See 
case notes below) 


13 58 F 15% 10% Urine + exudate loss given in 2 2 litres Low grade fever (See case D 

Table 2 notes below) (14) 


Group III Cases 

14 7, F 30% 30% Average ca 6 Gms N per day Nearly 2 Burns uninfected but some L 

for first 9 days (but some speci- litres pyrexia first few days 
mens incomplete) 


15 28 M 20% 15% Average 19 3 Gm N per day 5 6 litres Low grade infection and L 

for first 11 days (omitting 2 in- little fever first 2 weeks 

complete collections) and IS 7 
Gms per day for next 14 days 
(omitting 2 incomplete collec- 
tions) Highest outputwas40 1 
Gm in 27 hrs 3-4 days after 
burning 

Ml Urine (24 hrs ) Gm N 

16 23 F 22% 17% 680 (4 hrs) 5 8 litres Febrile first 8 days (See D 

840 (16)^ hrs) 3 25 case notes below) (25) 


1365 

8 

5 

780 

10 

2 

725 

10 

0 

1505 

13 

2 

2070 

15 

2 

2105 

17 

4 

2260 

IS 

2 

2310 

17 

0 

2285 

16 

0 

2610 

18 

45 
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Case 

No 

Age, 

Sex 

Burn 


Plasma 

Transfused 


Lived or 
died 
(day) 

Total Deep 

Daily Urinary Nitrogen 

Kemarks 





Group IV 

Casfs 



17 

21 F 

72% 

50% 

Average 19 5 Gm N per day 
for first 1 1 days (? some speci 
mens incomplete) 

7 6 litres 

Some fever tliroiiglioiit 
? Chest infection 

D 

(12) 

18 

14 F 

73% 

58% 

A\ erage 1 0 7 Gm N per day 
for first 7 days (omitting one 
incomplete collection) and 11 9 
next 10 days Then incontinent 
of urine 

5 2 litres 

Febrile throughout En 
docarditis and low grade 
infection of burns 

D 

(90) 

19 

17 M 

60% 

25% 

Ml Urine (24 lirs ) Gm N 

520 (18 hrs) 3 3 

1500+ 7 2 + 

1330 9 4 

530 6 4 

22 litres 
(approx ) 

Febrile throughout 
Pyocyaneus infection 

D 

(iVi) 

20 

4 F 

50% 

50% 

See nitrogen balance notes be 
low 

2 9 litres 

Febrile 5 weeks with low 
grade infection (See case 
notes below) 

L 


of niliogen in the urine was not maintained, however, and his aveiage daily 
excretion ovei a nuinbei of days, though above the noiinal amount, was not 
as high as miglit be expected Case 19, a boy of 17 with 60 per cent burns, 
excreted small amounts of nitiogen in the urine during the four and a half 
days he lived Some kidney damage was found at autopsy and this ^\as con- 
firmed by histological examination This patient received methionine by mouth 
two days aftei admission, but it is impossible to say what effect it had Case 
18, a girl of 14 with 73 per cent burns, was given methionine at the suggestion 
of Professor R A Peteis, but as by that time the patient was incontinent of 
urine any effect the methionine might have had on the urinaiy nitrogen excre- 
tion was not appai ent 

Nit}ogcn balances Table II gives details of 16 nitiogen balances carried 
out in 7 cases of bums ranging fiom 6 to 50 pei cent of the body surface 
Detailed case notes are given below, and these aie followed by a discussion of 
the findings Unfoi tunately, it was impracticable to 'weigh any of the patients 
(except Case 20, a small child) as the necessaiy apparatus \\as unobtainable 
at the time 

In Table II a distinction is made between the nitiogen taken in the food 
and that of intravenous plasma, and where possible between urine nitrogen 
and exudate nitiogen In the expeiience of Majoi J A F Stevenson,^'* 
plasma given intravenously does not immediately increase the uiine nitrogen, 
appai ently being simply added to the pool of body piotem (cf Best and 
Taylor^®) This means that in nitrogen balance experiments in burns there 
are two things to considei 

(a) the total nitrogen balance over a period, including any plasma pro- 
tein lost m the exudate and protein given intravenously , 
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(b) the metabolic state of the patient on a particulai day or over a period 
(“metabolic” nitrogen balance), in calculating which, according to 
Stevenson, intravenous plasma and protein lost m the exudate should 
probably not be included 

GROUP II CASES 

Case 8 — B S , a boy of i6, received flash burns of the face and hands while at 
work on 9/8/45 and was admitted on the same day His serum protein, as determined 
colorimetrically with the phenol reagent, was 64 Gm per loo ml on admission A nitro- 
gen balance was started next morning and carried on until the dressings were changed a 
week later, when a new balance was commenced Unfortunately a satisfactory technic 
for the estimation of the nitrogen lost into the dressings had not at the time been evolved 
by us, and the negative balance was certainly larger than the figure given in the table 
(as indicated by the plus sign) Over the second balance period, which consisted of five 
days, the patient was more or less in nitrogen equilibrium (neglecting some slight exuda- 
tion during this period), although nine days after admission his serum protein, deter- 
mined as above, had fallen to 5 6 Gm per 100 ml , and m the third period he was in 
marked positive balance The urinary nitrogen losses were somewhat above normal 
levels but the large negative nitrogen balance in the first period was evidently due chiefly 
to the small amount of food eaten during the first few days 

The patient was clinically uninfected throughout but had slight pyrexia for the first 
seven days Bacteriology chiefly Gram-negative cocci after the first three days, later 
staphylococci 

Case 9 — W P, a man age 29, received blister burning of the right ankle joint 
and knee on 4/9/45 through coming into contact with boiling water A nitrogen balance 
was commenced on admission at midnight, but unfortunately some urine was discarded 
by the night staff However, the quantity lost is believed not to have been large, and 
urine collection was resumed at about 10 a m on the following morning One breakfast 
was not sampled in the absence of the metabolic nurse and the approximate nitrogen 
content was calculated with the aid of tables Serum protein, measured with the phenol 
reagent, was 5 9 Gm per 100 ml on S/9/45 and 6 i on 9/9/45, i e , towards the end of the 
first balance period, during which the patient was well m positive nitrogen balance A 
second balance experiment over the next five days showed him to be again in positive 
nitrogen balance By 21/9/45 the patient was practically healed, and he was discharged 
on the 24th 

The patient was clinically uninfected throughout, and afebrile after the first 48 
hours Bacteriology of burned area sterile for first 6 days, then a few micrococci 

Case 11 — J B , a man of 58, burned his right hand and arm and right knee when 
he fell over a pot of molten metal on 14/6/46 A nitrogen balance was started soon 
after admission The plasma protein was 64 Gm per 100 ml 4)4 hours after burning 
and 6 I on the next day It was still 6 i at the end of the balance period, over which 
the patient was m positive nitrogen balance No more balance experiments were done 
m this case 

The patient was clinically uninfected and afebrile throughout, and healed in four 
weeks Bacteriology of burned area sterile for first six days, then diphtheroid bacilli and 
non-haemolytic streptococci (on one occasion only) 

Case 12 — P G, a woman of 27 , an epileptic, had a fit on 27 / 4/46 and fell onto 
the fire The patient was treated at another hospital before being transferred to this 
hospital on the following day Nitrogen balances were started on 7/5/46 Skin grafting 
operations were carried out on the i 6 th the adverse effect on nitrogen balance was due 
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to a general reduction in food intake, not to any significant increase in urine nitrogen 
It should be noted that the figures given in Table 2 take no account of blood lost during 
grafting operations between balances Subsequently it was not difficult to get the patient 
into positive nitrogen balance, though plasma proteins remained low for a time Urinary 
nitrogen excretion also remained at a low level (see Table I) 

Clinically there was a slight low grade infection by micrococci, non-haemolytic strep- 
tococci, coliform bacilli and staphylococci The temperature was never above loo^F 

Case 13 — A R , a woman of 58, also an epileptic, had a fit and fell onto the fire 
on 15/5/46 Plasma protein soon after admission was 69 and fell rapidly to 5 5 Gm per 
100 ml 8 J 4 hours later (Fig i) A nitrogen balance was started on admission and 
continued until the dressings were changed on 22/5/46 Owing to incontinence an uncer- 
tain amount of the urine was lost and some also leaked into the dressings together with 
a little feces, so that it is impossible to give an accurate figure for the nitrogen loss or to 
distinguish between urine and exudate nitrogen It will be seen that the patient was in 
negative balance, though the urinary nitrogen averaged only about 8 Gm per day Plasma 
transfusions accounted for nearly 28 per cent of the total nitrogen intake during this 
period Further balances were not attempted as the problem of collecting urine became 
too difficult During changing of the dressings on 22/5/46 the patient collapsed with 
respiratory distress Then the pulse, temperature and respiration rose and her condition 
remained critical On 29/5/46 the plasma C02-combining power was found to be 40 
volumes per cent and the plasma pH 7 30 (Mr Garfield Thomas) Saline containing 
sodium bicarbonate and glucose was administered by Ryle's tube, but the patient died on 
the same day (29/5/46), probably as the result of a pulmonary embolism A few days 
before death she developed a sudden transient right-sided hemiplegia 

The burned areas were clinically uninfected but there was low grade infection for 
the 14 days she survived Bacteriology staphylococci and Gram-negative cocci 


GROUP m CASE 


Case 16 — J R , a woman of 23, was subject to “dizzy spells” that had been diagnosed 
as epilepsy at some previous time During one of these fits, on 15/3/46, she fell onto the 
fire and received burns mainly over the right side of the body — neck, pectoral region, 
scapular region, hip, buttock, arm and hand A nitrogen balance was started soon after 
the burns had been dressed, and carried on until the next dressing, which was on 
21/3/46, when a new balance was begun It will be seen from the table that the 
patient was in negative metabolic balance over the first period but in slight positive total 
nitrogen balance when the transfusions and exudate loss are taken into account The 
total nitrogen in the plasma transfused was slightly more than that lost in the exudate 
over both balance periods The patient then became incontinent of urine and no further 
balances were done Plasma protein values are given in Figure i After a skin grafting 
operation on 2/4/46 the patient had an epileptiform attack which was repeated every few 
minutes These fits became less frequent by 7/4/46, but on the 8th they recurred and 
she suddenly collapsed, became cyanosed and died A specimen of cerebrospinal fluid 
obtained by lumbar puncture immediately after death was found to be quite clear and 
to contain 


Sugar 

Protein 

Chloride (NaCl) 

Urea 

Globulin 


97 mgm per 100 ml (Folin-Wu) 

5 mgm per 100 ml (turbidimetric with sulphosalicylic acid) 
777 mgm per 100 ml 
47 mgm per 100 ml 

no reaction (ammonium sulphate ring test) 


The patient was febrile for the first eight days (low grade infection by proteus, 
pvocyaneus and staphylococci) 
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Fig 1 — Plasma protein levels in three burn cases 
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Fig 2 — Urinary total nitrogen, creatinine N and creatine N excretion 

in three burn cases 
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GROUP IV CASE 

Case 20 — P McN , a girl of 4, received severe burns at 9 30 a m on 27/6/46 when 
her small brother threw a lighted match at her, igniting her clothes The burned area 
was estimated at 50 per cent (deep) and extended over trunk and arms A nitrogen 
balance was started on admission and carried on until the dressings were changed 7 days 
later After the third day the patient became incontinent of urine during the night, but it 
was found possible to collect the urine in Cellucotton Unfortunately it was not possible 
to differentiate between urine and exudate nitrogen as the dressings became contaminated 
with urine and vomit The patient was in negative balance over the first seven days and 
m slight positive balance over the second week Third and fourth balances were com- 
menced but the output could not be assessed on account of (a) complications arising from 
the necessitj for only partially changing the dressings at different times, and (b) failure 
of the night staff to collect urine However, a record was kept of the intake A sixth 
balance was commenced on 19/8/46, by which time the patient was well on the way to 
recovery and m positive nitrogen balance Skin grafting was done between the end of 
the second and beginning of the sixth balance periods Owing to the extent of the burns 
it was not possible to do much blood analjsis, but plasma proteins were estimated at 
intervals and were as follows 


29/6/46 

6 2 

Gm 

per 

100 

ml 

3/7/46 

59 

Gm 

per 

100 

ml 

8/7/46 

60 

Gm 

per 

100 

ml 

22/7/46 

60 

Gm 

per 

100 

ml 

27/7/46 

6 2 

Gm 

per 

100 

ml 

6/8/46 

62 

Gm 

per 

100 

ml 

16/8/46 

58 

Gm 

per 

100 

ml 

23/8/46 

62 

Gm 

per 

100 

ml 

6/9/46 

68 

Gm 

per 

100 

ml 


Records of the child’s weight were kept and are given in the table The loss of 
weight between the 25 th July and 8tli August followed a period of prolonged pyrexia — 
she was febrile for five weeks, with a low grade infection by staphylococci and Gram- 
negative COCCI (later some cohforms) 

Hemoglobin values (Haldane method) in this case were as follows 


3/7/46 

8/7/46 

17/7/46 

24/7/46 

27/7/46 

8/8/46 

10/8/46 

16/8/46 

23/8/46 

29/8/46 


52 per cent 
74 per cent 
64 per cent 
87 per cent 
57 per cent 
66 per cent 
94 per cent 
86 per cent 
84 per cent 
90 per cent 


Loss of blood during skin grafting procedures, and transfusion of packed cells, 
occurred between balance periods and are not included m Table II 


DISCUSSION 

It appears that negative nitrogen balances in our cases were due to low 
intake rather than to a high output of nitrogen, and that when it was possible 
to get patients eating well it was not very difficult to get them into nitrogen 
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Fig 3 — Urinary chloride excretion and plasma chloride levels 
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CASE 28 




URINE — VOLUME SHOWN IN 
MILLILITRES 

D — RECONSTITUTED DRIED 
PLASMA 

I —COMMENCEMENT OF FRESH 
BOTTLE 



10 II 12 13 14 


Fig 4 — Urinary chloride excretion and plasma chloride levels 
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equilibrium Taylor ef a / and Co Tui et al^"^ have shown that theie is a 
inaiked tendency foi burned patients to get into negative nitiogen balance, 
and Co Tui has dravn attention to five possible sources of nitrogen loss (i) 
intiatissue loss into the burned aieas, (2) loss in the exudate, (3) hemoglobi- 
niiiia, (4) leduction in caloiic and nitiogen intake as a lesiilt of anoiexia, 
(5) the possible loss due to an “antianabolic peiiod,” probably as a lesult of 
alteied hormonal balance While it must be admitted that the loss in the 
exudate can be veiy laige, ve would diaw attention to the fact that this loss, 
as well as the intratissue loss refei 1 ed to 111 ( i ) above, is largely compensated 
(so far as total nitiogen balance is concerned) by the plasma transfusions 
Pioteinuna ^^as encountered in most and hemoglobinui la in some of our 
seveiely burned patients, but the total amount of piotein lost m this way was 
not laige With legaid to the fifth souice of loss, we have usually found the 
urinaiy nitiogen to be not maikedl}^ above the 1101 inal, and in fact some of our 
cases, especially women, excieted subnormal amounts of nitrogen in the uime 
Our findings ai e in agreement wnth the statement of Cope et al that exten- 
sive deep burns are not necessaiily accompanied by a laige loss of nitrogen in 
the uiine Cope et al attiibuted negative nitiogen balances in their cases to low 
caloric and nitiogen intakes, and the low' excietion of nitiogen to the relative 
absence of infection Most of our cases w'eie relatively fiee from infection 

It seems likely that the nuti itional state of the patient is at least as impoi - 
tant as the extent of the injuiy 111 detei mining the level of nitrogen excretion, 
and it IS possible that this may explain, to some extent, w'hy we have not been 
able to confirm in all cases the large inci eases m urinary nitrogen output 
found by some of the Ameiican w'orkers Stevenson'^® refers to patients, pre- 
viously in a poor nutritional state, wdio show'ed very little negative nitrogen 
balance after an injuiy, and Munro and Chalmeis-® have shown that the diet 
of the pre-fractuie period has an impoitant efifect in modifying the metabolic 
response of rats to bone fracture 

Note on the food Eggs and milk w'ere used extensively and together con- 
tiibuted the greater part of the nitrogen and caloiic intake of most of our 
balance cases For example, m Case 20 (P McN ) eggs accounted for from 
22 to 36 per cent of the total nitrogen in each balance period, and milk 47 
to 65 per cent Casein hydrolysate w'as given 01 ally in Case 12 (P G ) but 
'vac pooily tolerated It is doubtful whether hydiolysates are indicated except 
'vhen digestion 01 absoiption is impaired or wdien it is impossible to ingest 
sufficient piotein m a more palatable foim 

Supplements of glucose w'ere given Wheievei possible the appioximate 
caloiic intake (calculated wnth the aid of tables) is showm in Table II 

It may be that protein and essential amino acids considerably in excess of 
the amounts adequate for maintenance of nitrogen balance are required for 
healing, but we have no exact data bearing on this 

NITROGEN IN THE EXUDATe'”fROM THE BURNED AREA 

The nitrogen in the exudate w'as measuied in seven other cases, m which 
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complete balances were not carried out, and the results are included in Table 
III together with those for Cases 9, 12 and 16 Wherever possible the urinary 
nitrogen is shown for comparison The practice of measuring the amount of 
protein lost in each 24- or 48-hour period (see lower part of table) was dis- 
continued on account of the possible risk of infection involved in frequent 
changing of the dressings 

Pressure dressings to minimize loss of exudate from the burned area were 
used by Cope and Rhinelander-^ and by Koch” in America, and investigated 
experimentally by Cameron et al in this country * Mr J McK Duncan of 


Tabte hi — Nitrogen in the Erudatc from the Burned Area 

Case 

No 

Age 

Sex 

Burn 

Period 

Exudate 
N (Gm ) 

Urine 

N (Gm) 

Exudate N a s 
% of total 
(excluding 
faeces) 

21 

37 r 

5% (superficial) 

First 7 dajs 

2 1 




(SG) 



Next 7 dais 

0 45 




22 

7. M 

5% (superficial) 

First 5 days 

1 75 

33 

6 + 


(J B) 



Next 5 days 

0 5 

53 

7 + 


9 

29 M 

6% (superficial) 

First 5 days 

2 0 

90 

3 + 

ca 2% 

(WP) 








12 

27, F 

9% (7% deep) 

First 7 days 

3 5 

55 

0 

6% 

(PG) 



Next 5 days 

5 0 

47 

2 

9 6% 

23 

27, F 

15% (8% deep) 

First 7 days 

11 7 

30 

2 + 


(LH) 








16 

23, F 

22% (17% deep) 

First 6 days 

20 2 

60 

4 

25 0 

QR) 



Next 5 days 

15 3 

84 

1 

15 4 

The above values for exudate N are calculated as 

desenbed under 

'Methods 

and are 

therefore libeli to be 

slightly low 

(depending i 

an how much of the sulfathiazolc was absorbed) 




2 

25, M 

2yz% (1% deep) 

First 24 hrs 

0 29*1 

1 



(GJ) 



Next 24 hrs 

0 16* 

1- 30 

2 

t 8 




Next 24 hrs 

0 09*J 




24 

31, F 

4% (1% deep) 

First IH days 

1 20* 




(AJ) 



Next 48 hrs 

1 68* 




25 

52, F 

7% (superficial) 

First 24 hrs 

1 38* 




(HDA) 



Next 24 hrs 

1 92* 







Next 24 hrs 

1 47* 




26 

9 F 

8%'(3% deep) 

First 24 hrs 

0 67*1 



7 0 

(JM) 



Next 24 hrs 

0 55*} 

29 

2 




Next 48 hrs 

0 96*J 




* Protein determined turbidimetrically +6 25 

this Unit has used pressure diessings in an attempt to control exudation, but 
we have no data demonstrating their effectiveness 

A quantity of blister fluid from a female, H B , with blister bums of 
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the right hand and foiearm was analysed and the results were as follows 


Total nitiogen 
Total protein 
Albumm/globulin 
Chloride (NaCl) 


0 56 Gm per 100 ml 
3 4 Gm pei 100 ml 
16 

490 mg per 100 ml 


It should be noted that as the clot of fibrin had already separated, the figure 
for total protein ill be slightly low and that for the albumm/globulin ratio 
slightly high Total protein and albumin were estimated by King’s’^ nessler- 
isation method for plasma, m which the sepaiation of albumin and globulin is 
effected with sodium sulphite (Campbell and Hanna-'^) 

In a second case, W H , a male aged 54, blistei fluid (after separation of 
fibrin) was found to contain 5 i Gm of protein per 100 ml , the albumin 
globulin ratio being 3 3 The plasma protein in this case was 6 7 Gm per icx) 
ml and the plasma albumin globulin ratio i 9 


PLASMA PROTEINS 

In two of the balance cases (Nos 13 and 16) serial plasma protein 
determinations over several days were made and are shown in Figure i A 
less steep fall in the plasma proteins was found m Case 29 (Fig i ) this man 
of 58 had burns involving the face, right arm and shoulder, left forearm and 
hands, and was not transfused It is possible that the steep fall in plasma 
proteins w^as partly due to dilution with the transfused reconstituted plasma, 
which contains only five grams of protein per 100 ml In other bum cases low 
values w’^ere found 


CREATININE AND CREATINE EXCRETION 
The urinary excretion of creatinine and creatine as compared with total 
nitrogen is shown graphically in Cases 8, 16 and 19 (Fig 2) Results in 15 
other cases are not shown, for reasons already given, but it can be stated that 
the high output of nitrogen on the third to fourth day (27 hours) in Case 15 
(20 per cent burn) w^as associated with a high output of creatinine (2 75 Gm ) 
and creatine (i 55 Gm ) Creatine was found in the urine of two other adult 
males, L H and B S (Case 8), with 15 per cent and 7 per cent burns, 
respectively, but was absent or present only in small amounts m that of four 
other adult males with burns of not more than 2^ per cent In some cases of 
creatinuna, in females as w^ell as m males, there appeared to be a peak at the 
second to the fourth day, but this may have been fortuitous In Case 19 
(60 per cent burn), in which the low excretion of nitrogen has already been 
remarked on, very little creatine was passed in the urine 

Creatinuna has been reported as occurring in normal healthy males (Hob- 
son -'), but other workers, in extended studies, have failed to confirm this 
(cf Tierney and Peters^®) In certain of our cases it would seem likely that 
the creatinuna was to some extent a result of the injury and associated 
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pyiexu Claik el al and Cioft and Pcteis-'’ found that aftei a i,evcie bum 
lats showed a sharp rise in cieatine cxcietion Cuthbertson el al in experi- 
ments on rats showed that fracture of the femur caused a definite loss of 
creatine m the ui me that paralleled the curve of nitrogen excretion, although 
preformed creatinine remained relatively constant , and Cuthbertson^** reported 
similar findings in a study of human fiactures 

It has been shown that the ingestion of readily assimilable carbohydrate is 
associated wnth cieatmuria (Haldi and Bachmann , ^ Hobson-’’) Our burn 
patients leceived quantities of a sodium lactate-fruit juice mixture by mouth, 
and 111 view' of the intimate connection of lactic acid w ith carboh) drate metab- 
olism the possibility that the creatinuria may have been due partly to the 
lactate-fruit juice mixture cannot be excluded 



Tahi l IV — 

-Prolcinuna 

III Bunt Cases 


Group 

Toni Niiinbcr Protein 

of Cn'.cs Tree 

Traces of 
Protein OnK 

Protein 

I 

18 

7 

*9 

2 

11 

17 

3 

tio 

4 

III 

8 

0 

3 

5 

IV 

6 

0 

1 

5 


— 

— 



— 

Totals 49 

10 

23 

16 


* 5 of these cases showed proteinuria for the first day only One case showed it on the 3rd day only 
t 2 of these cases showed proteinuria for the first da> onI> 2 cases showed no proteinuria on the first day 
and two others none on the first two da>s 


PROTEINURIA 

“Twenty-foui-hour” collections of urine in 49 cases weie tested for protein 
( sulphosalicyhc acid test) for the first few days or longer Tlie results (Table 
IV) are in agreement wuth those found in the Glasgow Burns Unit (Anderson 
and Semeonofl:’-) thus only two* out of 18 cases in Group I had more than 
tiaces of protein m the uiine, wdieieas five of the six Group IV cases 
had protein present in moie than traces Casts and blood cells W'ere often 
found in the urine of these severely burned patients A strongly positive 
reaction foi protein was given in Case 20, a girl of four wuth 50 per cent 
burns, by a 14-hour collection starting from eight houis after the burn The 
centrifuged deposit from the urine w'as found to contain a few granular casts 
and pus cells, but the urinary protein decreased to a mere trace wntliin about 
four days This patient made a good recovery, in spite of the extensive bums 

In tw'o cases the uiinaiy protein was estimated by Miss E Semeonoft 
by the tuibidimetiic method using sulphosalicyhc acid and the permanent 
turbidity standards of King and Haslew ood One of these, a girl of 14 wnth 
73 per cent bums (Case 18), excreted on an average o 24 Gm of protein per 

* One of these two cases had an exceptionallj' laige amount of protein in the urine, 

although the burn was only a light one (less than i per cent) There was almost certainly 
anotlier cause for the proteinuria in this case 
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diem ovei the fiist ten da}s, and the other, a ^^oma^ of 21 with 72 per cent 
bums (Case 17), excieted an a^elage of 066 Gm pei diem also m the first 
ten days 


CHLORIDE EXCRETION AND PLASMA CHLORIDE LEVEL 

A marked decrease m the mine chloiide, amounting m some cases to 
almost complete suppression of chloiide excretion, appears to have been of 
general occurrence in the moderate and severe cases, the output returning to 
normal in the course usuall}’^ of a few dajs A decrease m urine and plasma 
chlorides in burns was obseived by Davidson m 1926“'^ and by other workers, 
though not all ha\e confirmed the loweiing of plasma chloride (see Harkins®^) 
Figures 3 and 4 coi relate chloride excretion with plasma chloride in four 
cases Observations in Cases 16, 27 and 28, together with others m w^hich a 
less complete picture w'as obtained, are in agreement with Davidson’s sug- 
gestion that the low'ered chloride excretion in burns is due not primarily to 
kidney change but rather to a lowering of the plasma chloride to below the 
renal threshold level (normally 562 mgm. NaCl per 100 ml plasma) This 
does not preclude the possibility of kidney damage being responsible m some 
cases — compare Cases 13 and 29 (below^ In Case 13 intravenous saline was 
given from 12 30 p m on 28/5/46 and the plasma chloride was 604 mg per 
100 ml at 3.30 p M on 29/5/46, yet a specimen of urine obtained by cathe- 
terization at 6 p M on 29/5/46 contained hardly any chloride It appears 
that excretion of urine had almost ceased, and post mortem the bladder w’’as 
found to be congested and to contain a very small volume of purulent fluid 

It IS w'orth noting that reconstituted plasma,* prepared from citrated 
blood, IS low in chloride content when made up with distilled w^ater (A sam- 
ple analyzed ivas found to contain 395 mgm per 100 ml ) In view of the 
findings of Rosenthal,^^ Fox”’® and others, it was considered preferable to recon- 
stitute the dried plasma with saline In several cases normal saline Avas used 
by the surgeon, and this appeared to hai'^e the effect of dela3''ing, if not 
entirely preA^enting, the fall in plasma chloride It might possibly be better 
to use o 2 per cent saline this ivould bring the sodium chloride content of the 
reconstituted plasma to AAithin the normal physiological range 

Cases 13, 20, 28 and 29 received plasma reconstituted AAuth normal saline 
In Case 20 chloride excretion m the mine AAas not diminished, as judged by 
qualitative tests, but on account of the extent of the burns the plasma chloride 
changes could not be followed In the last of these cases (male, age 58, Avith 
16 per cent burns), sodium chloride excretion aars someA\diat Ioav, aA’^eraging 
3 4 Gin pei diem during the first four daj’^s, although the plasma chloride 
appeared to be normal most of this time (cf Mclver^") Sodium chloride 
excretion rose to normal by the 24th day, but further obserA’ations of plasma 
chloride could not be made oAAung to the development of thrombosis 
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In severe burns the amounts of reconstituted plasma given intravenously 
are often very large, sometimes amounting to several times the blood plasma 
volume Mr Garfield Thomas has suggested that the presence of citrate and 
(if the plasma has been reconstituted with distilled water) the deficiency in 
chloride might affect certain of the liver function tests b}"^ altering the balance 
of electrolytes — a point to bear m mind when interpreting the results of 
these tests 


Table V — Blood Sugar after Burning 


Case 

No 

Age and 
Sex 

Bum 

Time of Burn 

Time of 

Blood Sugar Level 

Remarks 

Blood 
Sugar 
(mg %) 

30 

74 1 

107o (8% deep) 

2 45 a m 

4 30 or 6 30 a m (?) Lactate 

298 






No previous history 







of diabetes ascer- 







tainable 


31 

15 r 

15% (10% deep) 

7 30 am 7/12/45 

10 30 am 7/12 

Lactate 

137 





4 30 pm 7/12 


162 





10 0 pm 7/12 


112 





10 0 am 8/12 


105 





10 0 pm 8/12 


127 





2 30 pm 9/12 


125 





10 0 pm 9/12 


138 

32* 

73 r 

25% (10% deep) 

3 30 pm 1/11/45 

100 am 2/11 

Lactate 

290 





2 15 pm 2/11 

Died 

355 





10 10 am 3/11 

6 35 pm 3/11/45 

290 

15 

28 M 

20% (15% deep) 

13/4/45 Admitted 

3 30 pm 13/4 

Lactate 

123 




12 30 p m 

9 30 am 14/4 


161 

3 

37 M 

2H% (1K% deep) 

3pm 28/12/45 

6 0 pm 28/12 

Lactate 

106 





10 0 pm 28/12 


106 





12 45 pm 29/12 


137 





10 45 pm 2)/12 


130 





8 0 pm 30/12 


118 

22 

7 M 

5% 

1 15 pm 18/2 

4 0pm 18/2 

Lactate 

139 





12 mdnt 18-19 


95 





9 30 a m 19/2 


100 

33 

25 r 

40% (32% deep) 

9 45 am 21/1/46 

am 21/1 


111 

23 

27 F 

15% (8% deep) 

5 30pm 17/1/46 

6 30 p m 17/1 

No lactate till 

152 





10 30 pm 17/1 

8 15 p m 

118 





9 30 am 19/1 


133 

34 

5 F 

10% (2% deep) 

12 45 pm 31/12/45 

4 0 pm 31/12 

Lactate 

128 





6 0 pm 4/1 


103 

16 

23 F 

22% (17% deep) 

10 30 am 15/3 

11 30 am 15/3 

Lactate from 12 

156 





4 30 pm 15/3 

midday 

128 

35 

30 M 

3% 

8 30 a m 15/3 

10 0 a m 15/3 


no 


* This patient received treatment ith insulin Whether she had diabetes before burning is not known 
A catheter specimen of urine obtained at 12 30 p m on 3/11/45 showed 

Sugar + + , Acetone +, Protein +, Chloride trace 


BLOOD StTGAK 

This was determined on venous whole blood or plasma (obtained for 
other estimations), by the method of Folin and Wu adapted for o i ml Find-' 
mgs are given in the table In only two cases was a definitely abnormal value 
found, but as venous blood was used, the capillary blood sugar in a few of 
the others would possibly have been slightly above normal These patients 
were given quantities of a sodium lactate mixture to drink, as recommended 
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by Fox ( 1944 )^®, but how far this, or the fiuit juice m which it was made up, 
tended to laise the blood sugai is not known 

SUMMARY 

I, The daily uiinaiy mtiogen excietion m 20 bum cases has been meas- 
uied. In only a few was there an aveiage daily nitrogen excietion niaikedly 
greatei than noimal, and in many patients it was somewhat low 

2 Sixteen mtiogen balances m 7 cases have been earned out and the find- 
ings aie discussed In five of these cases the mtiogen in the exudate from the 
burned aiea was measuied The well maiked tendency for burned patients to 
go into negative mtiogen balance is confirmed, but negative balances in oui 
cases seemed to be due to low intake lathei than to increased loss of nitrogen 

3 Exudate mtiogen, measuied m 10 cases, made up from 2 to 25 per 
cent of the total mtiogen output (excluding faeces) 

4 A marked fall in plasma piotein was obseived soon aftei burning in 
three cases in which sei lal detei mmations were made over several days Low 
plasma piotein values weie encounteied 111 other cases also 

5 Creatmuiia vas obseived m thiee adult males with bums of 7 pei cent, 
15 per cent and 20 pei cent of the bod}'^ surface 

6 Pioteinuiia was observed m many cases, especially in those with the 
more extensive bums 

7 Plasma chloiide was detei mined at inten^als 111 a number of cases and 
coil elated with urine chloride The fall m plasma chloride noted by some 
eaiher investigators was confiimed and is discussed in relation to intravenous 
plasma therapy 

8 Blood sugar levels (venous blood, Fohn-Wu method) after burns of 
various degrees of seventy weie measured mu cases In two cases there was 
an undoubted hypei glycemia, and m a few otheis values were perhaps 
slightly high 
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FROM THF SURGICAI SERVICE OF THE VETERANS ADMINISTRATION 


A CONCEPT HAS NOT BEEN PREVIOUSLY PROPOSED, 111 SO far as \ve havc 
been able to ascertain, winch considers the inguinal region as a series of 
closely interrelated tiiangles approaching a composite pyramid 

Contributing to the existing confusion and consequent lack of accurate 
comparative criteria for surgical procedures in this area are lack of an ac- 
cepted classification of the surgical triangles of the inguinopectmeal region, 
inaccuiacy of anatomic description, vaiiations and distortions of anatomic 
structures, failure to evaluate properly factors concerned in the development 
of hernia, faulty terminology and lack of a logical system of nomenclature 
Triangulation of the hernia-bearing region of the lower abdomen began 
in 1806 when Hesselbach^ published a treatise on the origin of inguinal rup- 
tures He described the triangle medial to the inferior epigastric vessels With 
the sheath of the rectus and inguinal ligament forming its sides Moreover, 
he made the original observation that it is the most vulnerable portion of the 
inguinal canal The triangular concept of Hesselbach seemed to wane until 
Ferguson^ (1895) recognized the frequent existence of a definite weakness in 
the medial angle of the canal Since that time perpetual controversy has been 
going on over the minor ligaments and varying condensations of the fascia 
transversalis in or adjacent to this vulnerable triangle These ill-defined 
lascial bands, such as Hesselbach’s or interfoveolar ligament, internal crus 
of the internal ring (Browne^), Henle’s ligament, the iliopubic tract, the 
ligamentum inguinale reflexum (Colle’s fascia) and the femoral ligament 
are, for all practical purposes, anatomic frills Since these fascial structures 
are inconstant and rarely of clinical significance m offering any structural 
support in reparative maneuvers, it would seem preferable to place less em- 
phasis on them as definitive ligamentous or fascial entities 

An important clinical feature of the inguinopectmeal region is its predilec- 
tion to the formation of hernia Contributing to this weakness are several 
predisposing factors (i) the presence of so many orifices m the parietes 
which aie essential for the passage of various anatomic structures Although 
they are provided with fortifying fibers architecturally arranged for greater 
security, there inevitably exists a potential weakness at these points of vas- 
cular, visceral or urogenital exit (2) Because of its dependency and the 
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concentric nan owing of the lower abdomen, the intra-abdominal pressure is 
increased m this region (3) And most impoitant of all, the anomalies 
which occur in the development of the undifferentiated abdominal wall plate 
concomitant with the descent of the testis These various generic factors, 
anatomic, embryologic and dynamic, fiequently coexist and collaborate in 
the evolutional process of herniation 

The whole hernia-producing region of the lower ventral abdominal wall 
IS referred to collectively as the inguina It is pyramidal in outline and on 
viewing it anteriorly and from within outwai d, it has depth or a third dimen- 
sion Such an observational view directs attention to the incipient develop- 
ment of hernia at its initial exit or fovea on the serous side of the abdominal 
wall In contrast, it is difficult to reconstruct the reti ogressive course of the 
hernial protrusion in the presence of a full-blown henna after there has oc- 
curred structural distoition and parietal evagination Early opeiations for 
the radical cure of heinia weie focused exclusivel} on maneuveis for the 
eradication of the large sacculai anomaly without giving adequate considera- 
tion to the role of the adjacent parietal structures Lack of correlation and 
utilization of the parietal strata in the early leparative piocedures lesulted in 
anatomically imbalanced operations wdiich temporal il} delayed surgical prog- 
ress in heiniology This technical gap is recognizable and is reflected in the 
evolution of some of the modern operative pi ocedures 

Realizing the existing confusion and need for anatomic research in the 
mguinohypogastric region, Anson^ and his associates, McVay,^ Morgan® 
and Ashley’’’ have made painstaking dissections of this legion but confined 
their investigations chiefly to the transition of the musculofascial planes and 
the correlation of congenital and acquired anomalies Much of our modern 
anatomic knowledge of this region stems from this study, unfortunately, 
however, the fascial and ligamentous boundai les of the controversial triangles 
w'eie only casually mentioned by them The need for integration of the sur- 
gical triangles and a better understanding of their relationship and variability 
to the hernial protrusion still exists We should tlierefore like to present an 
anatomic outline of the triangles of the inguinopectineal region (inguina) 
that IS applicable to the whole vulnerable or hernia-producing region It 
IS self-evident that if the surgeon is fully acquainted with the composite 
anatomy and the evolutional development of heinia, he should be better 
able to recognize and adequately to correct the faulty saccular or parietal 
weakness which predisposes to the formation of the hernia 

CLASSIFICATION OF THE SURGICAL TRIANGLES 

Any given triangle should have a specific and unvarying anatomic 
boundary Temporary alteration in size with co-existing distortion of its 
boundary by a herniated mass should not change the basic anatomic unit 

The classical anatomic arrangement as presented by the modern text- 
books of anatomy and surgery is that of two distinct but, for the most part, 
unrelated inguinal and femoral regions The region superior to the inguinal 
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ligament is known as the inguinal region and is the region intimately related 
to the development and lepaii of inguinal hernia The legion lying mferiorly 



Fig 5 Voteular and mutcular tnanglet 

C Junction ilioumbilicat lin* 
and rectus sheath 
d liiopectineol eminence 

Plate I 

and medial to the inguinal ligament is concerned with the development and 
treatment of femoial loculations of the sac and received little surgical con- 

629 


Fig A Major inferior triongle 

a Pubic tubercle 
b Anterior superior spine 


DUGDALE AND BURTON 


Annals of Surgery 
April 1 9 -I 


sideiation until the publications of Moschcowitz,® Seelig and Tuholske,® 
Payne/® Dickson^^ and Wilmoth The recognition and correlation of these 
superior and inferior major triangular units in the repair of coexisting 
inguinal and femoral hernias, can hardly be overemphasized Formerly, 



a b c MAJOR SUPERIOR TRIANGLE a b d MAJOR INFERIOR TRIANGLE 

a f g Intermediate triongle a e d Vosculor tnongle 

a eh Medial triangle bdc Musculor tnongle 

Plate II 

when saccular ligation at varying levels of the funicular canal was the extent 
of surgical procedure and when there was still no lecognized plan of repair 
of the canal, triangular integration was of less strategic importance There- 
fore, in keeping with the pioposed anatomic and suigical concept of the 
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inguinal region, a new classification of the triangles is described and illus- 
trated which more nearly meets the basic anatomic principles upon which 
the various operative piocedures may be founded 

Anatomically, the mgumopectmeal legion or inguina should be con- 
sidered as one laige pyramidal area, which is divided by a common base, 
the inguinal ligament into an extrapelvic or major superior inguinal triangle 
and an intrapelvic oi major inferior inguinal triangle 

The major superior inguinal triangle (ingumo-abdommal, inguino- 
hypogastric or inguinal trigone) (Plate I, Fig 1 ) refers to that area 
of the lower ventral abdominal wall bounded medially by the lateral 
margin of the rectus sheath, mferiorly by the inguinal ligament and 
superiorly by that portion of the iho-umbilical line which is lateral to the 
rectus sheath The superior inguinal triangle contains (a) the intermediate 
or Hesselbach’s triangle (Plate I, Fig 2) which is the best known and first 
triangle to be described and (b) a smaller medial triangle (Plate I, Fig 3) 
It is through the latter that incipient direct hernias are first manifest It 
will be noted that these three surgical triangles have common medial and 
inferior boundaries, the rectus sheath and inguinal ligament respectively, but 
their superior boundaries differ The inferior epigastric vessels limit the 
intermediate triangle and the inferior margin of the abdominal component 
of the inteinal oblique muscle the medial triangle Actually, the medial 
triangle occupies the cleft between the abdominal and cremasteric portions 
of the internal oblique muscle This vulnerable angle, which is devoid of 
overlying muscle fascicles to augment the fascia transversalis, was recognized 
by Ferguson, who, before the turn of the century, devised means of over- 
coming this mural weakness More recently (1934) Andrews and BisselF^ 
again directed attention to the importance of reinfoicing this potentially 
weak area of the floor, which they designated the inguinal triangle, unfor- 
tunately adding to the already pre-existing confusion m the nomenclature 
of this anatomical region Although the medial triangle is the smallest and 
is inconstant, it is unique in that it represents the pivotal area of weakness 
m the floor, marking the site of exit of all incipient direct hernias This 
important anatomic fact and the need for its fascial reinforcement have not 
leceived the attention they deserve Most textbooks of surgery emphasize 
01 poitray the site of emergence of internal or direct hernia as the inter- 
mediate or Hesselbach’s triangle Actually, on careful observation the initial 
exit of a direct hernia is in the medial triangle This divergence of opinion 
IS perhaps attributable to the frequent lack of opportunity to observe 
diminutive direct hernias at operation 

Most direct hernias when seen at operation are advanced and frequently 
occupy all of Hesselbach’s space At times, the protrusion may even displace 
the epigastric vessels laterally until they are at the level of the abdominal 
inguinal img In this case, a large diiect sac obtains and the entire floor of 
the canal has been enfeebled by the pistoning action of the hernial mass 
Coincident with this expanding hernia there is progressive enlargement of 
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the medial triangle until it is conveited into and occupies the space noimally 
occupied hy the intei mediate triangle 

Conversely, an enlarging indirect sac may displace the infeiior epigastric 



Fig 3 Inguino pectineal ligaments Fig 4 Composite of preceding ligaments, 

mediolis (3)ond lateralis (4) odded medial view 


Plate III 

vessels medially until they come to he under the rectus sheath In this 
instance, there no longer exists eithei an intermediate or medial triangular 
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space Ho^^ever, despite these rare maximal distortional changes m the 
musciilofascial stiuctmes, confusion should not exist and theie should be no 
controversy ovei the tiiangular units if the normal anatomical boundaries are 
kept clearly in mind 

The major infeiior triangle (Plate I, Fig 4) comprises that space 
posterior and medial to the inguinal ligament and anterior to the bony 
pelvis Its base 01 anteiioi boundary is the inguinal ligament (Plate III, 
Fig 2) which IS fiequently lefeiied to as the femoral or submguinal legion 
The spinoeminential line uhich extends fiom the anterioi-superioi iliac spine 
to the pectineal eminence constitutes the posteiioi-supeiioi boundaiy, and 
the iliopectmeal line the posteiioi-infeiior boundaiy of the triangle This 
large infeiioi tiiangle is subdivided by the ligamentum inguinopectmeal 
lateialis (Plate III, Fig 3 and 4) into tuo smaller ones, the vasculai and 
the muscular (Plate I, Fig 5) 

The vascular triangle is of much greater impoitance suigically It 
occupies the intei ligamentous space or that area between the inguinal and 
iliopectmeal ligaments It is the moie vulnerable triangle and represents 
the site thiougli which the vaiious types of femoial sacculations become 
manifest Laterally, this triangle is limited bA the ligamentum inguino- 
pectineal lateialis uhich also separates it fiom the muscular tiiangle Inci- 
dentally, this ligament is lefeired to as the iliopectmeal in Callandei’s and 
Morse’s textbook of anatomy, but actually it does not arise from the ilium 
superioily but from the inguinal ligament and theiefore it should be called the 
mguino-pectmeal ligament Similaily, the smaller ligament spanning the gap 
between the inguinal and iliopectmeal (Coopei’s) ligaments medially should 
be designated ligamentum inguinopectmeal medialis (Plate III, Fig 3 and 4 ) 
instead of lacunai 01 Gimbernat’s An even more glaring confusion exists 
111 legard to the naming of Coopei’s ligament (Plate III, Fig i) which 
extends fiom the iliopectmeal eminence along the pecten of the superior 
pubic ramus to the spine of the pubis and is vaiiously named pubic, superior 
pubic, pectineal and iliopectmeal Without entering into the historical 
contioveisy concerning Coopei’s ligament, it is oui contention that iho- 
pectmeal is the moie descriptive term and the pieferable designation, since 
it overlies and is intimately adheient to the uncontested iliopectmeal line 

The musculai triangle is bounded anterioily by the superioi half of the 
inguinal ligament and posterior^ by the spinoeminential line This line 
IS depicted as stiaight on the drawings but is somewhat wavy in its pioximal 
poition, coiiespondmg to the anteiioi edge of the ilium The mfeiior 
boundary of this triangle is formed by the ligamentum inguinopectmeal 
lateralis There are no noimal apei tines 01 potentially weak areas in this 
triangle as it is well fortified musculai ly and herniations through it are 
exceedingly lare It is included m the composite anatomic unit because 
occasionally pedicled fascial giafts aie transferred through this triangular 
space to replace the inguinal ligament or to lemfoice maximal attenuation 
of the fascia transversalis By referiing to Plate II it will be noted that the 
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muscular triangle differs from the other triangles of the inguina in that its 
apex IS at the anterior-superior spine of the ilium, whereas the apices of the 
other five triangles (major superior inguinal with its component middle and 
medial triangles and the major inferior with its component vascular triangle) 
are at the pubic spine and all of these triangles have a common base, THE 
INGUINAL LIGAMENT 

THE PARIETAL WALL 

The paries of the superior inguinal triangle (mguinohypogastric region) 
with the exception of slight fascial variants do not differ from the stratifica- 
tion of the lateral abdominal legions which is composed of three musculo- 
aponeurotic layers Each muscle stratum is enveloped by fasciae which fuse 
with the tendinous or aponeurotic plate lateral to their conjunction with 
the rectus sheath Inferiorly the respective fasciae continue their descent 
into the scrotum, contributing the three strata of the funicular tube or 
canal Generally, the transparietal portion of the canal is spoken of as the 
inguinal canal, whereas that portion caudal to the external ring is referred 
to as the exti a-parietal or scrotal portion of the funicular canal 

The external or most superficial stratum of the abdominal wall is the 
external oblique muscle The fascicular and tendinous portions of this muscle 
are the most constant in their proportions Its broad aponeurosis stretches 
downward and is mferomesial to the anterior-superioi iliac spine In its 
inguinal portion is a triangulai rent forming the exteinal inguinal ring for 
the passage of the cord The aponeurotic fault between the divergent crura 
IS reinforced with arching membranous strands of connective tissue which 
arise from the fused epimysium and investing fasciae The conjunction of 
the external oblique aponeurosis with the rectus sheath is medialmost of 
the three abdominal layers The anterior and posteiior enveloping fasciae 
of this muscle extend inferiorly and conjoin to form the external spermatic 
fascia Laterally, the aponeurosis of this muscle is transformed into the inguinal 
ligament The reflection of the lowermost fibers of the inguinal ligament at 
the inguinopectmeal junction is usually demonstiable as thin, arching strands 
of connective tissue overlying the medial portion of the internal oblique 
muscle and are variousl}'^ referred to as the triangular fascia, Colle s fascia, 
01 ligamentum inguinale reflexum This ligament makes an excellent 
anchorage for the first suture in the closure of the medial angle of the flooi 
Bisgard^^ has especially stressed the importance of this ligament in reinforcing 
the vulnerable angle of the canal The length, constancy and unifoim density 
of the external aponeurosis have made it a frequent contiibutor of 
and occasionally multiple pedicled sutures, notably in the McArthur, 
Robins,^® Sachs, Carscadden^® and Joyce^® technics 

The internal oblique muscle and its ensheathing fasciae constitute the 
second or intermediate layer While there may be considerable differences 
in its fascicular and aponeurotic components usually its medial third is 
tendinous A frequent variation is its point of insertion onto the rectus 
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sheath at a variable distance from the pubic tubercle This anomaly produces 
a triangular gap between the abdominal and cremasteiic portions of the 
muscle This vulnerable area in the floor of the canal was recognized by 
Ferguson, Halsted,^® Bloodgood^^ and Andrews as a frequent predisposing 
factor in the formation of direct hernia The oldei anatomies and surgical 
literature refer to the conjoined tendon, meaning the union of the aponeuroses 
of the internal oblique and transversus muscles with resultant formation of a 
common aponeurotic plate, however, currently this concept of aponeurotic 
fusion is not accepted by many anatomists (Anson, Morgan, McVay and 
Ashley) Suffice it to say, there has been sufficient anatomic research in 
recent years to support the view that the aponeuroses of the middle and innei 
strata actually do not conjoin, but m spite of this factual evidence the teim 
“conjoined tendon” has been so long in use to connote a definite structuie 
that it is not likely to be abandoned soon An underlying accessoiy internal 
oblique muscle has been described by Tuholske and McVay and which 
occurs \Mth sufficient frequency that to avoid possible confusion with the 
transversus abdominis its existence should always be suspected The tendinous 
component of the internal oblique blends with the rectus sheath lateral to 
that of the external oblique muscle Inferiorly, the enveloping fasciae of 
this muscle unite to form the cremasteric or middle layer of spermatic fascia 
The transversus abdominis muscle is the most deeply placed of the thiee 
paiietal layers of the superior inguinal (inguinohypogastric) region Owing 
to the variability of its fascicular, aponeurotic and fascial components, it has 
been and still is a perpetual source of controversy among anatomists 
Naturally, this anatomic disagreement has resulted in a lack of unanimity 
as regards its surgical significance in the treatment of heinia The muscle 
fascicles almost never extend inferiorly beyond the level of the abdominal 
inguinal ring and at this level they may be tendinous Moreover, its transition 
from muscle to aponeurosis to fascia may be gradual or abrupt and may 
vary in density Where there is arching of the aponeurosis, paiticularly if 
there is concomitant thickening, it is frequently referred to as the aponeurotic 
inguinal falx or conjoined tendon The investment fascial coverings of this 
muscle do not differ from that of the other flat muscles 

The fascia transversahs is subadjacent and contiguous to the deepei 
stiatum of the investing fascia of the tiansversus abdominis It is currently 
Intel pi eted as a distinct fascial lamina lining the innei surface of the 
abdomen Almost a century and a half ago the anterior fascia was described 
and illustrated by Cooper in 1804 and in a subsequent edition of his book 
IS referred to as the fascia ti'ansversalis Zieman^^ considers this fascia as 
an intrinsic investing fascia of the abdominal wall and lining the abdominal 
cavity including the pelvis and the caudal suiface of the diaphragm A 
similai interpretation is implied by Dickson, vho introduced the term endo- 
abdominal fascia Similarly, Bioi\ne has given the same fascial lamina the 
name of abdominal connective tissue The older anatomies (Shaw, 1825) 
lefer to this fascial stratum as fascia longitudinalis, or leflexa of M Cloquet 
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The meticulous dissections of Anson have coi roborated the bioader concept 
of the fascia transversalis Despite the \^aiying evolutional interpi etations of 
this fascial layei, from a surgical standpoint it should be considered the 
deepest fascial layei of the abdominal wall vhich is intimately related to 
the internal fascial bed of tlie transvei sus abdominis These contiguous 
fascial layers are employed suigically as a single fascial plate In the inguinal 
canal this internal paiietal stiatum is devoid of muscle fascicles caudal to 
the internal abdominal ring but possesses pivotal reparative value unless 
it has become attenuated b} the heinial mass The fascia transversalis 
continues lateially budging the intei ligamentous space, and posteriorly 
encasing the femoial vessels, contiibuting to the reinforcement of the feinoial 
ling befoie its insertion into the iliopectmeal (CoopeTs) ligament With its 
extension caudally it becomes the internal spermatic fascia In its medial 
course it splits, contiibuting to the foimation of the anterioi rectus sheath 
and the posterior rectus fascia The latter should not be confused vith the 
posterior rectus sheath The tiansveisus aponeurosis in its approach to the 
rectus muscle changes fiom bilaminar to unilaminai stratum at the semicir- 
culai line about 8 cm from the s)unphysis pubis Inferior to this transitional 
line there is no posteiior sheath, only a membranous film of rectus fascia In 
the infeiior segmental zone the aponeurotic fibers conjoin and run exclusively 
anterioi ly to the rectus muscle, blending with the rectus sheath 

The difference of opinion legarding the reparative value of the muial 
stiata has invaiiabl}' centeied on the inneimost lajei, tlie tiansiersus 
aponeurosis and fascia fiom which arise so many ligamentous or equivocal 
fascial A’^aiiants The dividing structure between direct and indirect hernia 
has long been accepted as the infeiioi epigastiic \essels Biowiie has clial- 
lenged the stiategic importance of these vessels and has pointed out that 
unsupported blood vessels haie not the tenseness and iigidity which would 
enable them to act in this way It is his contention that the condensation of 
fibeis of the fascia transvei sabs which accompanies the vessels lesists the 
progiession of the pantaloon sac and sepaiates the tw^o majoi types of sac 
It is the same band of connective tissue desciibed by Hesselbach and is 
occasionally refeiied to as the inteinal cius of the internal abdominal ring 
Some textbooks have named this fascial vaiiant the intei foveolai ligament 
and ascribe its souice to abeiiant stiands of muscle fascicles which have 
straj'ed from the tiansveisus abdominis Quain*^ show's an appaiently iden 
tical stiuctuial depaituie supeificial to the tissues bounding the internal img 
and floor of the inguinal canal, but supei imposes additional confusion by 
illustrating these tissues as continuous wnth the tiansveisus aponeuiosis 
and calling them the iliopubic tiact The anatomic dissections of Clark and 
Hashimoto^"* have corioborated the existence of the iliopubic tract and have 
levived Henle’s ligament The}' claim the latter aiises from the low’ermost 
portion of the rectus sheath and adjacent portion of the transversus apo- 
neurosis Inferomesially it blends wnth the iliopubic tract, a tough fibious 
stiucture w'hich is below' and sepaiate from the inguinal ligament Brief!), 
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It w ould seem that w hile these fascial vai lants may be demonstrable, they are 
inconstant and to ascnbe to them a strategic lole in the fascial repaii of 
the canal is exaggeiating then significance The error lies in overemphasizing 
aberrant fascial planes to the exclusion of the more impoitant reparative 
pioblem compiismg the vhole floor of the canal and forgetting there are 
many piedisposing anatomic factois m the genesis of initial and recurrent 
heinias 

COMMENT 

Although basic but not v holly new, the unoithodox tnangulation and 
pioposed anatomical concept of an extia-pelvic and an intia-pelvic inguinal 
legion would gain naught unless tiansposed into piactical suigei}' In con- 
sidering lepaiatne suigei} of this legion it is essential to ledefine the loosel} 
used teim “defect’’ as contiasted with “weakness ’ if theie is to be a composite 
nndei standing of the ciiteiia and the lepaiative maneuvers emplo}ed in the 
fascialization of the flooi of the canal A defect in the wall conve}s the 
eironeous idea that theie exists a concentiic apeituie in an otherwise aichi- 
tectuially noimal wall, a piesumption which is laiely seen at opeiation 
except in the piesence of interfascicular rents Similail} , w^eakness ma) inipl}^ 
laxit} of the w'all oi it ma} connote marked sti etching with thinning of the 
fascia transversahs and inteiiial oblique fibeis until theie no longei exists 
a homogeneous stiucture of stiategic value Where the latter obtains and 
the floor is membranous, its replacement is essential to the creation of an 
unyielding wall 

Assuming there is w'eakness of the entire extent of the canal with 
coexisting saccular pi oti visions, the strategy should be to form a resistant 
fascial diaphragm for the entiie floor which in some instances is augmented 
by anchoring the cianial margin of the fascia transversahs to the iliopectineal 
ligament Herein lies the adv^antage of a thoiough undei standing of the 
composite anatomy of the mguma 

The horizon of hernia repair has been decidedly increased by the pioposed 
concept of tnangulation and b} the adoption of the superior inguinal approach 
for all hernias m the mtrapelvic and extrapelvic triangles This approach 
commands a more compiehensive view of the impoitant ligaments and vessels, 
gives greater access to the mtrapelvic heinia-bearmg area and facilitates 
exposure of the iliopectineal ligament, which, if used for pivotal anchorage, 
achieves a more deeply placed parietal barricade 

CONCLUSIONS 

The advantages that may acciue from a uniform and acceptable termi- 
nology of the mural and ligamentous structures of the mgumopectmeal region 
have been discussed and re-emphasized 

A new^ concept of the inguina or hernia-producmg region has been pre- 
sented, which embodies the formerly recognized inguinal and femoral regions 

The mguma has been defined and portrayed as a pyramidal space con- 
sisting of a superior or extra-pelvic triangle and an inferior or mtrapelvic 
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tuangle, which aie i espcclivel}' divided into smallei anatomical tiiangulai 
units 

Tiiangulation of the inguina does not conflict with existing basic anatomic 
concepts 

The eiioneous hut pi evading concept of defect as contiasted with w'eak- 
ness as it applies to plastic lepair has been discussed 

The strategic advantages of the supeiior or inguinal appioach over the 
infei 101 or femoral have been pointed out 

Attention has been directed to the value of an exclusivel} fascial strati- 
fication 

In the presence of a multiple loculai sac, inadequac}^ of the inguinal 
ligament or diffuse parietal laxity, the ihopectineal (Coopei s) ligament 
hernioplasty is preferable 
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There are three main and distinct clinical types of thyroiditis, 
(1) subacute (pseudo-tubeiculous or giant cell) thyroiditis, (2) struma 
lymphomatosa (Hashimoto’s thyroiditis), and (3) Riedel’s struma (woody 
or ligneous th}ioiditis) Theie aie other types of thyroiditis that either 
have not been classified 01 lepresent incomplete or atypical forms of the 
above In addition, thyioiditis may complicate bacterial or virus infections 
and may be the result of parasitic disease It is not ^Mthln the scope of this 
paper to discuss the raie and atypical types of th3H0iditis but rathei to 
define more cleaily the lecognized types and to discuss their treatment 

SUBACUTE THYROIDITIS (27 CASES) 

Subacute th3noiditis is a self-limited disease of unknown etiolog3" It luns 
a variable couise of weeks oi months and eventually subsides without tieat- 
ment and without significant interference wnth the function of the thyroid 

This type of thyroiditis has been variously named tuberculous, pseudo- 
tuberculous, or giant cell thyioiditis because of the histologic appearance of 
pseudotubercles with giant cells Tubeicle bacilli cannot be demonstrated 
m the lesions, and the etiology of the disease is unknowm Bacteria have not 
been demonstiated m the thyroid The possibility that it lepresents a virus 
infection has not been excluded The pseudotubercle or giant cell reaction 
represents a reaction of w'andermg cells to colloid, -which they appear to be 
phagocytizmg 

Many surgeons do not operate on patients wuth subacute th3'roiditis and 
hence are not aw^are that this well-recognized clinical entity is, from the his- 
tologic standpoint, identical with pseudotuberculous oi giant cell thyroiditis 
In order to prove to my owm satisfaction that the two diseases are the same 
I have analyzed 15 cases of subacute thyroiditis m wdiich roentgen treatment 
w^as given and compaied the history and ph3'sical findings with those of 12 
cases in which opeiation w'as performed To further confirm the fact that the 
clinical entity of subacute thyroiditis is indeed identical wnth the pathologic 
entity of giant cell or pseudotubei culous th3Hoiditis, biopsies of the thyroid 
w^ere taken m two typical cases of subacute thyroiditis, and the patients were 
then treated with roentgen-ray The biopsies showed typical giant cell or 
pseudotuberculous thyroiditis , the response to roentgen-ra3'^ w^as prompt, 
complete, and typical of that of subacute th3H0iditis In the table the two 
groups are compared, and it is clear that the cases are similar m most respects, 
the only difference being that the cases treated surgically were in general less 
acute and of longer duration Many of these cases probably represent the 
subsiding phase of the disease 


640 



Volume 127 
Number 4 


THYROIDITIS 


Chmcal Coxuse The onset of subacute tliyioiditis is usually sudden and 
in about a fouith of the cases follows an acute uppei respnatory infection 
This histoiy is difficult to evaluate because patients cannot invaiiably diffei- 
entiate between a soie tin oat and a soie thyioid gland It is six times more 
common in women than in men and tends to occur in the mid-forties 

Pam on swallowing and pam radiating up to the eai aie chaiacteiistic of 
subacute thyioiditis Usually the gland is exquisitely tender A low giade 
elevation of the tempeiatuie is piesent (Fig i) and the sedimentation late 
IS elevated, often to high levels There may be a marked systemic leaction 



Fig 1 — Temperature chart of patient with subacute thyroiditis Before 
admission to hospital she had been observed for two months and had not 
improved Only one lobe of thyioid was remo\ed, but temperature and 
pulse rate fell piomptly to noimal 


The patient feels nervous, veak, and tned, and the pulse late is elevated 
out of piopoition to the temperatuie, sometimes as high as i6o Sweating and 
tremoi are often piomment symptoms, so that the clinical picture ma}^ closely 
simulate hyperthyroidism The basal metabolism, hoiNevei, is not often 
elevated above the upper limits of normal and it is questionable wliether tuie 
hyperthyroidism is present The average basal metabolic rate is -f-io, but 
about one-thiid of the patients have basal metabolic rates over -j-iS per cent 
The pictme is that of a toxic reaction lathei than of true hyperthyroidism 
Theie is usually loss of weight, but since the duration of the disease is short 
the loss is slight The e}e signs of hyperthyioidism are not present 

Tenderness of the thyroid is almost alw ays pi esent, especially m the eai ly 
stages w hen the gland is exquisitely sensitive to pressui e The entire gland is 
diffusely involved in most cases Its consistency is abnoimally firm or hard 
Occasionally the piocess ivill start in one lobe and spread gradually to involve 
the entile gland (“cieeping'’ type of thyroiditis) 
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The diagnosis of subacute thyroiditis usually is unmistakable and is sus- 
pected from the first In only six of the 27 cases was the diagnosis missed 
by the first examiner 

The natural course of the disease appears to be toward spontaneous 
recoveiy without permanent derangement of the function of the thyroid 
This course is shortened by thyroidectomy, roentgen-ray therapy, or it is 
said,^ by treatment with thiouracil This type of thyroiditis does not go on 
to either Hashimoto’s or Riedel’s disease, nor, in our experience, has sup- 
puration occurred 

Pathology Subacute thyroiditis is characterized by a diffuse involvement 
of the entire thyroid in a subacute inflammatory process There is infiltration 

with leukocytes and numerous foreign 
body giant cells are present The ar- 
rangement m formations somewhat 
resembling tubercles gives rise to the 
name pseudotuberculous thyroiditis 
The foreign body reaction is probably 
a response to the colloid in tlie degen- 
erating follicles, and histiocytes can be 
seen phagocytizing this material 

The thyroid rarely contains ade- 
nomas The glands are not enlarged 
to more than two or three times their 
normal size, and the enlargement tends 
to be symmetrical The cut surface of 
the gland is white and avascular It is 
quite brittle and will not hold a hemostat The capsule is only very lightly 
adherent to surrounding structures, and there is no tendency to infiltration 
and fixation, as in Riedel’s struma Tubercle bacilli have not been identified 
in this lesion (Fig 2) 

Treatment Subacute thyroiditis responds promptly and completely to 
roentgen-ray therapy Six hundred to 800 r usually suffice to effect a reso- 
lution in a few weeks The pain and tenderness subside in a few days The 
average time at which 15 patients treated with roentgen-ray were considered 
to be entirely well was 19 days after the start of treatment By this time the 
thyroid is rarely either tender or palpably enlarged In two of our cases, two 
or more courses of therapy over a period of three months were required before 
a complete cure was effected Three patients considered themselves well in 
one week 

One patient developed a severe systemic reaction to an undulant fever 
skin test, and this was accompanied by an exacerbation of the pain and ten- 
derness in the thyroid and was followed by complete resolution of the thyroid- 
itis in a matter of a few days Whether this was a specific or nonspecific 



Fig 2 — Gross appearance of subacute 
thyroiditis The small adenoma at the 
upper pole is an unusual finding 
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leaction to the undulant fevei vaccine will never be known Eight other 
patients had negative and one a w^eakly positive skin test foi undulant fever 
Th5^roidectomy is a satisfactoiy means of conti oiling subacute tbyroiditis, 
but since the disease is essentially self-limited and since loentgen-ray effects 
such prompt and complete resolution, opeiation is not often indicated Most 
of the patients reported here as having been subjected to operation w'ere seen 
before we recognized the value of roentgen-raj 

Thyroidectomy w as performed on six patients , five of these are well and 
one has developed hypothyroidism 

A single lobe w'as removed in six cases Three of these patients developed 
a recurrence or suffered from peisistence of symptoms due to involvement of 
the remaining lobe All eventually' recoveied 

Since roentgen-ray' has given entirely satisfactory' results we have not 
used thiouracil in the treatment of subacute thyroiditis If the foreign body 
reaction is indeed due to the presence of colloid, the beneficial action of tbioii- 
racil could be explained on the basis of its interfeience w'lth the formation of 
this substance 

Case 1 — SubaciUe (pseudotubcrculoiis or gnnl ceil) thyroiditis 
The patient was a woman 32 jcars old Two months before entrj she had noted 
sudden onset of pain m the right side of the neck This area was tender There was 
palpitation, insomnia, nervousness, and an elevation of temperature to oier 100° She 
had lost si\ pounds in weight Iodine had been given without improvement 

Examination showed a diffuse enlargement of the entire thyroid to one and one-half 
times the normal size Both lateral lobes and the isthmus w'ere stony hard and tender 
The temperature was 996° and the pulse 108 There was a coarse tremor and the skin 
was dry There were no eje signs of hyperthj roidism The basal metabolic rate was 
-(-3 per cent 

A biopsv 2 mm in diameter was taken from the isthmus of the thyroid and the 
pathologist reported chronic thyroiditis with marked granulomatous reaction to colloid 
(so-called pseudotubcrculous thyroiditis) There was a fairly marked increase in 
connective tissue with the remaining follicles of small or medium size formed of flat or 
cuboidal epithelium, fairly well filled with colloid, and with some of the follicles partly 
filled by cells of the hi-ztiocy'te or macrophage type Colloid was marketlv reduced or 
absent in the follicles containing these cells Also present were fairly frequent accumu- 
lations of mononuclear cells and foreign body giant cells which in several instances 
enclosed small lakes of colloid The stroma contained a slight to moderate infiltration of 
lymphocytes and some plasma cells and polymorphonuclear leukocytes (Fig 3) 

A total of 700 r of roentgen-ray was then gwen to the thy'roid area in five treat- 
ments distributed over a period of nine davs At the end of this time the patient stated 
that she fe)t entirely well There was no pain or tenderness of the thyroid, and the gland 
had returned to normal size, but the right lobe was still fairly firm The consistency 
of the left lobe w'as normal 

Four weeks later the thyroid was soft and barely palpable, and the patient remained 

well 

Comment The clinical features of this case and the response of the 
thyroid to roentgen-ray treatment are typical of those encountered m other 
cases of subacute thyroiditis Biopsy of the th)'roid showed changes charac- 
teristic of the so-called pseudotuberculous or giant cell thyroiditis In a sec- 
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ond case subjected to biopsy the clinical couise and i espouse to roentgen-iay 
theiapy were similar, and the pathologist repoited a similai lesion m the 
thy 1 Old Theie can be little doubt that the clinical disease, subacute thyioid- 
itis, IS, irom the pathologic standpoint, pseudotuberculous oi giant cell thyroid- 
itis This disease responds promptly to loentgen-iay tieatment and does not 
necessitate thyroidectomy 

STRUMA LYMPHOMATOSA (14 CASES) 

Stiuma lymphomatosa is a piogiessive disease of the thyroid, possibly 
associated with systemic disoideis,- m which theie is extensive acidophilic 
degeneiation of the epithelial elements of the thyioid and leplacement by 



Fig 3 — Subacute or giant cell thyroiditis Biopsy obtained in case i 
Prompt and complete resolution following x-ray treatment (X 5o) 


lymphoid and fibious tissue Hypothyroidism or at least a peculiai type of 
hypometabolism that does not always respond specifically to desiccated thyroid 
is apt to develop The etiology of the disease is unknown It does not pi ogi ess 
to Riedel’s stiuma^ noi is it the end result of subacute thyroiditis An excel- 
lent desciiption of this disease was given by Joll in the Biitish Jouinal of 
Singeiy in 1939^ 

Chmcal Couise Struma lymphomatosa occurs most commonly m the 
late forties 01 eaily fifties Although it is laiely seen in men, two such cases 
aie reported in this series 

True stiuma lymphomatosa is lare and is not to be confused with 
lymphoid infiltration of the thyioid 01 nonspecific types of lymphoid thyroid- 
itis, fiom which It can be distinguished by the acidophilic degeneration of the 
epithelium True Riedel’s stiuma usua% is somewhat more raie than struma 
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lymphomatosa In my experience Riedel’s struma and struma lymphomatosa 
are only about one-fifth as common as subacute thyroiditis In the course of 
approximately 900 thyroidectomies I have records of two operated and 15 
unoperated cases of subacute thyroiditis, three operated cases of struma 
lymphomatosa, five operated cases of Riedel’s struma, and one of suppurative 
thyroiditis, as well as several cases that are unclassified 

The onset of struma lymphomatosa is insidious, and pain is noted only 
rarely at the onset None of our patients had pain radiating to the ear, and 
only one had noticed pain on swallowing The glands are not tender, there is 
no fever, and rarely is there any systemic reaction except that associated with 
hypothyroidism and a peculiar lack of feeling of well-being which does not 
always respond to treatment either by thyroidectomy or by administration of 
desiccated thyroid It is interesting to note that in the only two patients who 
had gastric analyses there was no free acid Graham observed anacidity or 
hypoacidity in six of his 14 cases In one patient who died, postmortem 
examination showed generalized l)mphoid h3'^perplasia Mild anemia may 
be present ^ 

Half of the patients in this group complained merely of goiter Four had 
systemic symptoms such as nervousness or loss of weight, and three com- 
plained of pressure symptoms from the enlarging gland There was no con- 
sistent elevation of the temperature or pulse rate, and the basal metabolic rates 
averaged — 8 per cent In five of the 14 cases the basal metabolic rates were 
less than — 10 per cent, — 24 being the lowest 

The average duration of the goiter or of the symptoms prior to operation 
was 20 months The sedimentation rate was normal in the only patient in 
which this was tested 

The entire gland usually is involved In two cases it was stated that only 
one lobe was involved, but biopsies were not taken from the other lobe The 
glands were described preoperatively as firm and “adenomatous ’’ It is note- 
worthy that the gland does not appear to be so symmetrically involved in 
struma lymphomatosa as m subacute thyroiditis Certain areas may enlarge 
more rapidly than others, giving a firm irregularity which in the majority of 
cases suggested the diagnosis of adenomatous goiter without hyperthyroidism 
Once a calcified adenoma was suspected, once carcinoma or thyroiditis, and in 
only three cases was the diagnosis of chronic thjTOiditis made before operation 

In three cases the tumor had enlarged to the point of causing tracheal com- 
pression Most of the thyroids were four or five times normal size and when, 
as was occasionally the case, the growth encircled the trachea, symptoms of 
obstruction developed 

There does not appear to be any tendency to spontaneous remission or 
cure of this disease One patient had had symptoms and an enlargement of 
the thyroid for eight years prior to operation McClmtock® has reported a 
case of struma lymphomatosa in which thyroidectomy was repeated two an 
a half years after the first operation and the histology of the gland was essen 
tially unchanged 
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Pathology Giaham“ has said that there is no single clinical or pathologic 
feature of struma lymphomatosa that is characteristic or pathognomonic of 
this condition but that the entiie clinical and pathologic picture, particularly 
the state of the thyioid gland as a whole, must be considered Under these 
circumstances a faiily good case may be made out for either the Riedel or the 
Hashimoto type as a chnico-pathologic group, even if not an entity 

Struma lymphomatosa is characterized by acidophilic degeneration of the 
thyroid epithelium with replacement by lymphocytes and fibrous tissue The 
lymphoid tissue often predominates and shows well developed germinal cen- 
ters There is no extension of the inflammatory piocess outside of the capsule 
and little or no tendency for the gland to become adherent to surrounding 
structures 

The thyroid is fiim, friable, and not very vascular Its cut surface is gray 
and lobulated and is sometimes mistaken for a hyperplastic goiter Usually it' 
is recognized as a thyroiditis at the operating table, but occasionally even 
pathologists fail to lecognize it in the gross The diffuse enlargement of the 
entire gland tends to form reti otracheal extensions which may render the 
gland difficult to deliver In none of the 14 patients were there adenomas in 
the thyroid 

Treatment It has been said that roentgen-ray treatment affords an effec- 
tive means of controlling this type of thyroiditis ® Since we have rarely recog- 
nized the disease before operation we have not treated it with roentgen-ray 
One patient was tieated before she came to us by an unknown amount of 
irradiation without improvement 

Thyroidectomy was performed m 10 of the 14 patients Three of the 
patients having thyroidectomy are well, five have hypothyroidism and require 
thyroid, one had a bilateral paralysis of the recurrent laryngeal nerves, and 
one died during operation with an unexplained convulsion The high morbid- 
ity and mortality in this senes suggests that conservative operations which do 
not attempt to remove all the gland may be preferable if the nature of the dis- 
ease IS apparent at the time of operation 

In four cases only a single lobe was removed Two of these are well, one 
is improved, and one has a persistent enlargement of the other lobe but feels 
well The record of lobectomy in this small group of cases appears to be 
better than that of thyroidectomy Although roentgen-ray may be the treat- 
ment of choice, it will never be widely used unless the diagnosis can be made 
more often than it has been in the past When struma lymphomatosa is first 
recognized during the operation it would seem best to perform a very conserv- 
ative thyroidectomy, removing only enough of the isthmus and the lobes to 
relieve the pressure and leaving a moderate amount of thyroid tissue to help to 
prevent the development of hypothyroidism This treatment is empiric and 
unsatisfactory, but unless we can establish the diagnosis before operation and 
until we know more of the etiology of the disease and of its response to roent- 
gen-ray treatment it is the best available 
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Case 2— Stiiimi lymphoimtosa (Hasliinioto) llic pilient i\as a woman SO yeais 
of age who had been under treatment for thiee 3'ears for symptoms assumed to be due 
to the menopause One month before entry her physician had noted an enlargement of 
the thyroid She had noted tachycardia and palpitation, nervousness, and dyspnea on 
exertion She had lost 6 pounds in weight 

Examination showed the temperatuie to be 983°, pulse 80, and blood pressure 160/90 
There was a nontender, movable mass 6 cm in diameter in the right lobe of the thyroid 
and slight enlargement of the left lobe 

The basal metabolic rate was 0 The red blood cells numbered 4,000,000 and the 
hemoglobin was 88 per cent 



Fig 4 — Grav color and lobulated appearance of struma 
lymphomatosa 


Ihe preopeiatue diagnosis was nodular goiter without hy'pci thyroidism At oper- 
ation there was found a firm nodular goiter involving chiefly' the right lobe The capsule 
was only slightly adherent There was a large retrotiacheal and retrosternal extension 
of the right lobe The gland was ^ ascular, pale and firm A diagnosis of struma h mpho- 
matosa was made, and nearly all of the right lobe and part of the left lobe were removed 
The left lobe w'as not as large as the right 

The specimen consisted of the greater part of the right and left lobes of the thyroid 
and weighed 90 Gm (Fig 4) 

The thyroid epithelium w'as hypertrophic and acidophilic and there was great variation 
in the size and staining reaction of the nuclei The colloid was diminished The thyroid 
tissue was lobulated with slight increase of interlobular stroma and considerable lymphoid 
tissue distributed diffusely throughout and present also in numerous large hvperplastic 
lymphoid follicles There w'ere many plasma cells present (Fig s) 

Convalescence was unev'entful Four months after operation the basal metabolic 
rate was — 3 per cent, but the patient had the appearance of hypothyroidism and Avas given 
Vz gr of desiccated thvwoid daily Fissures occurring at the corners of the mouth sug- 
gested a deficiency of vitamins 

Two years later the patient had no specific complaints but did not feel w'ell Thyroid 
feeding had not effected any improvement Five years after operation the patient writes, 
“The effects of my operation are leaving me weak, but otherwise no trouble ” 
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Comment This case is typical in that (i) the symptoms before operation 
weie pooily defined and vague, (2) the presence of a goitei was the chief 
complaint, (3) the preoperative diagnosis was adenomatous goitei without 
hypeithyioidism, (4) the tiue nature of the disease was first suspected at the 
time of operation, (5) aftei opeiation clinical evidence of hypometabolism and 
vitamin deficienc) veie appaient but did not lespond to tieatment, and (6) 
the patient still feels w eak five yeai s aftei operation 



Fig 5 — Case 2 Photomicrograph Struma lymphomatosa (X5o) 

Riedel's struma (11 cases) 

Riedel’s thyroiditis is a chronic prolifeiating, fibrosing, inflammatory pro- 
cess involving usually one but sometimes both lobes of the thyroid and extend- 
ing to involve the tiachea and the muscles, fascia, nerves, and vessels m the 
vicinity of the thyroid It produces a bullty tumor that may be indistinguish- 
able preoperatively from an inopeiable caicinoma It is not the end result of 
either subacute thyroiditis or struma lymphomatosa but is a separate entity 
whose etiolog}'’ is unknown No specific organisms have been isolated f 10111 
this lesion In many instances the inflammatoi y reaction appears to ceiitei 
about a degenerating adenoma, and this may be a clue to its etiology 

Riedel’s struma affects women 11101 e often than men and tends to occui 
beyond the age of 50 

Chmeal cow se The onset is insidious and usually painless In no case did 
the pain radiate to the ears, and only one of the patients had pain on swallow- 
ing Tenderness was present only once 

The tumor grows slowly, the average duiation of the enlargement having 
been 29 months befoie operation 
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Symptoms of pressure predominated in over half of the cases and often 
were severe with tracheal obstruction Two patients had a symptomless goiter, 
and one patient complained only of nervousness The temperature and pulse 
rate are not often elevated, there are few if any systemic symptoms, and little 
weight IS lost The basal metabolic rate usually is normal (average -f2 per 
cent) although in one case, with almost total destruction of both lobes of the 
thyroid, hypothyroidism was present and the basal metabolic rate was — 20 
pel cent 

The sedimentation rate was moderately elevated in the only case in which 
It was tested 

Characteristically, the tumor in the thyroid is localized to a part of the 
gland In t\vo of the unilateral cases the other lobe eventually became involved 
in the same process, once after a few months and once several years later 

The th3TOid is stony hard and fixed to the surrounding tissues Only two 
cases were correctly diagnosed before operation In six cases carcinoma w^as 
suspected, m tw'o cases the examiner could not decide between Riedel’s struma 
and carcinoma, and m one case the preoperative diagnosis was adenoma In 
all cases the true nature of the lesion w'as recognized at the time of operation 

In tw'O cases a unilateral paralysis of the recurrent nerve developed spon- 
taneously 

Pathology In seven of the 1 1 cases adenomas or remnants of degenerating 
adenomas were present in the center of the proliferating fibrous tissue 
Whether or not this finding is of etiologic significance I do not know', but m 
most of the specimens in wdiich the major portion of the affected lobe was 
removed, degenerating adenomas were found In several cases it w'as impos- 
sible to judge whether the major portion of the lobe had been removed, as the 
operation had been accomplished bj' piecemeal technic and the specimen con- 
sisted of innumeiable chips of fibrous tissue 

The microscopic picture is of a chronic inflammatory reaction and replace- 
ment of thyroid by fibrous tissue Bulky tumors five or six times as large as 
the original lobe are formed in this manner and these tumors infiltrate the 
capsule of the thj'roid, the trachea, the muscles, the tissues of the carotid 
sheath, and the recurient laryngeal neiw'es, in such a w'ay as to render it 
impossible to find any natuial plane of cleavage outside of the capsule of the 
thyioid The disease is in reality a diffuse fibrosis of the neck with the 
thyroid at its center ^ 

Fiom the histologic standpoint there is nothing specific by wdiich Riedels 
thyroiditis can be recognized, but the gross appearance of the lesion is 
unmistakable 

The entire lobe of the thyroid is stony hard, adherent, and avascular t 
can be cut in any direction without bleeding except from an occasional vesse 
which can be seen protruding from the fibrous tissue The blood supply as 
been choked off by fibrosis The gland is brittle and white, and cuts almos 
like cartilage The difference betw'cen Riedel’s and subacute thyroiditis is m 
the degree of destruction of the thyroid epithelium, the relative scarcity 0 
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foreign body giant cells, m the extent of the extracapsular fibrosis, in the size 
of the gland, and in the fact that m Riedel’s there is apt to be a degenerating 
adenoma at the center of the process The fibrous tissue seems to be laid down 
in layers ai ound this adenoma to form concentric rings, like an onion 

Tieatment An adequate trial of roentgen-ray therapy was made in three 
of these cases \\ ithout significant results In two cases in which one lobe had 
been removed and a recurrence later took place on the other side the roentgen- 
ray seemed to pi event further proliferations, although there was no change in 
the size of the tumor In a third case, in spite of 2550 r of roentgen-ray, pam 
and s}mptoms of compression continued, h3'pothyroidism developed, and the 

process extended to involve the parathyroids 
and produced tetan)’- We must assume, 
therefoie, that roentgen-ray has little to 
offer in the treatment of this disease 

Complete surgical removal of the in- 
volved portion of the thyroid may be ren- 
deied utterly impossible by the extent of 
the extracapsular fibrosis Serious damage 
to the trachea, carotid sheath, or recurrent 
neiwes may take place if the true nature of 
the lesion is not recognized and radial extir- 
pation is attempted In this disease one must 
often be content to do the best he can within 
the bounds of s?fety to relieve obstruction 
On the other hand, if one remembers 
the fact that in most cases, at the center 
of the fibrosed lobe, there is a degenerat- 
ing adenoma and that around this ade- 
noma the fibrous tissue is deposited in concentric laminations which afford 
natural cleavage planes, it is often possible, without jeopardizing the 
vital structures adherent to the capsule of the thyroid, to split the lobe open 
and enucleate this central core (Fig 6) The results following this simple 
procedure have been excellent in the three cases in which I have found it 
practicable Pressuie symptoms have been relieved, the bulk of the tumor has 
been strikingly diminished, and the progress of the inflammatory and produc- 
tive process appears to be arrested It is well to remember that the most severe 
obstruction to respiration usually is associated with retrotracheal adenomas 
that compress the trachea from behind and that this can be demonstrated 
before operation by a lateral roentgenogram of the trachea If the surgeon is 
not aware of the retrotracheal tumor he is apt to overlook it in a thyroid which 
cannot be mobilized and rotated from its bed 

Six of the II patients who had portions of the thyroid removed for 
Riedel’s struma are well In seven patients only one lobe was removed, and 
in two of these the process recurred on the other side One patient had bilat- 
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eial involvement and has a symptomless persistence of the disease after 
removal of part of one lobe One patient has hypothyroidism, and one chronic 
tetany which developed spontaneously before operation, probably as a result of 
destruction of the paiathyroids The thyroid is so extensively destioyed that 
this patient also has hypothyroidism 

Case 3 The patient was a woman 46 years old She had noticed an enlargement 

of the left lobe of the thyroid two years before entry, and a few months later she became 
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Fig 7 — Case 3 Photomicrograph Riedel’s struma (X 50) 


hoarse Three months before entry an attempt was made to do a thyroidectomy, but the 
surgeon stated that the tumor was an inoperable carcinoma A biopsy was interpreted as 
either Riedel’s struma or carcinoma 

Symptoms of pressure continued, but there was no loss of weight and no symptoms 
of sjstemic disease 

Examination showed a stony hard, fixed tumor invohing the left lobe of the thyroid 
and the cervical musculature The left vocal cord was paralyzed The basal metabolic 
rate vas +2 per cent 

A diagnosis of Riedel’s struma or inoperable carcinoma was made At operation the 
entire left side of the neck was mvohed in a dense proliferation of fibrous tissue which 
had invaded the trachea and the prethyroid muscles The lobe was exposed and the 
anterior half remov ed It was w lute, brittle, and avascular The cleavage plane surround- 
ing the central adenoma was located, and a degenerating adenoma was shelled out in a 
capsule of fibrous tissue (Fig 6) The right lobe was normal 

The pathologist reported chronic inflammation and complete replacement of thyroid 
tissue with fibrous tissue (Fig 7) There was a degenerating colloid adenoma in the 
center of the fibrous mass 

Convalescence was uneventful and the symptoms of pressure were completely relieved 
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Comment This case is t}pical of Rieders stiuiiia in that (i) the initial 
diagnosis was caicinoma of the tlnioid, (2) theie was no systemic leaction 01 
alteration of th}ioid function, (3) theie was extensive fibiosis of the thyioid 
and of the peiitltyioid stiuctuies, (4) theie w'as a degenerating adenoma m 
the center of the fibrous mass, (5) symptoms weie lelieved by enucleation of 
the adenoma fiom the surrounding fibious tissue 

OTHER TYPES OF THYROIDITIS 

Dining the same peiiod of time in wdiich these cases of specific thyioiditis 
w^eie seen, there have been at least 10 cases of well-defined thyioiditis which 
do not fit into any definite categoi*} Theie ha^e also been three cases of 
suppuiative th}roiditis occurring 111 degeneiatmg adenomas I have seen no 
proved s}phihs or tubeiculosis of the th3'ioid 

CONCLUSIONS 

T The clinical entity desciibed as subacute thyioiditis has been pioved by 
biopsy to be giant cell or pseudotubeiculous thyioiditis 

2 Subacute thyroiditis, struma Ijmphomatosa, and Riedel’s stiuma aie 
separate clinical entities and probably are etiologically uni elated to one 
another, or at least do not repi esent \ anous stages of the same disease 

3 The fact that subacute thyroiditis is almost ahva) s associated wuth pain 
and tenderness and that these symptoms only larely occur m the othei types 
argues against the possibility that subacute thyroiditis repiesents an eaily stage 
of the more chronic piocesses The tendency to spontaneous recoveiy m 
subacute thyroiditis and its piompt and diamatic 1 espouse to roentgen-ray 
treatment also argue against this possibility 

4 The fact that Riedel’s struma is more often unilateial and stiuma 
lymphomatosa usually involves the entire thywoid,^ and the fiequent piesence 
of adenomas in Riedel’s while they aie larely if ever lecogmzed 111 struma 
lymphomatosa is furthei argument against piogiess of one lesion to the other 
It is inconceivable that the fibiosis of Riedel’s struma could legiess and 
become a struma lymphomatosa 

5 Although the etiology of these diseases is unknowm, it is possible that 
subacute thyroiditis is the result of a viius infection and that peisistence of 
syTOptoms and evidence of inflammation m the thyroid is due to a foreign body 
reaction to colloid 

6 Struma lymphomatosa appears to be a sy'^stemic disease, possibly^ of the 
deficiency type, and further study of its lelationship to achloihydna, anemia, 
generalized lymphoid hyperplasia, and possibly'^ to vitamin 01 othei deficiencies 
IS indicated Many of these patients are not w^ell befoie or after opeiation, and 
the hypometabolism and associated symptoms may not be specifically coriected 
by feeding desiccated thyroid 

7 Riedel’s thyroiditis appears to be a proliferative fibrosis usually centei- 
ing about a degenerating adenoma Although the lole of this adenoma cannot 
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be proved, it is possible that some change m the adenoma sets ofl a fibrous 
tissue reaction resembling that seen m a keloid Removal of the core contain- 
ing the adenoma appeals to promote subsidence of this reaction 

8 Roentgen-iay is the treatment of choice for subacute thyioiditis and 
thyroidectomy is larely if ever indicated Thiouracil may be of value 

9 In the rare cases of struma lymphomatosa m which the diagnosis is 
made before opeiation roentgen-ray should be given a trial If struma lympho- 
matosa is recognized at the time of operation a very conservative resection of 
both lobes of the thyroid is recommended The morbidity of i adical resection 
IS high and postoperative hypometabohsm the rule when most of the gland is 
removed 

10 In Riedel’s struma roentgen-ray is of little or no value, and surgeiy 
IS apt to be difficult It is unwise, unnecessary, and often dangerous to attempt 
to remove the entire lobe If the onion-like concentric laminations in the 
fibrous tissue surrounding the central degenerating adenoma can be found, 
these avascular planes can be followed by blunt dissection and the core of the 
lobe shelled out without disturbing its capsule Following this procedure the 
symptoms are relieved and there is no further proliferation of fibrous tissue 

Note Since this article was prepared, 2 patients with struma lymphomatosa proved 
by biopsy have been treated by roentgen-ray Fifteen hundred roentgen units was 
given In 1 case the thyroid enlargement resolved promptly and was barely palpable 
at the end of three weeks In the other the response was slower, but at the end of 6 
months the thyioid wms not palpable In neither case was theie impiovcmcnt of the 
systemic symptoms 
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COARCTATION AND ANEURYSM OF THE AORTA 
Report of a Case Treated by Excision and End-to-End Suture of Aorta 

Harris B. SiimiACKJER, Jr., M.D. 

Nnu HA\nN, Conn 

FROM TJtr nrPARTMFNT 01 SURCFR\, THF \AiE US1VERS1T\ SCHOOL OF MCDICINF, NfcW HAVFN, CONNFCTI 
CLT, AIDED BY A GRANT FROM THE OFFICE OF NAVAL RFSI ARCH, THE UNITED STATES NAVY 

In 1944 Alexander and Byron^ lepoited a case in which an aneuiysm of 
tlie descending aoita w^as tieated by excision, wnth proximal and distal ligation 
of the aorta This was the first recorded instance of lesection of an aortic 
aneur3sm Their patient was a 19-year-old boy in wdiom a diagnosis of 
coarctation of the aoita w'as made, based upon the presence of hypei tension m 
the upper extremities, w^eak arterial pulsations in the low^er extremities, and 
w'ell-dei eloped collateial circulation evident during the opeiative dissection, 
and demonstrable by typical notching of the ribs on roentgenogiaphic exam- 
ination Though the excised specimen did not include the area of stenosis the 
diagnosis of coarctation seemed w'ell-estabhshed. 

Studies in dogs in wdiich an induced coarctation wrs ti eated by end-to-end 
anastomosis of the subclavian aitery to the aorta below' were reported by 
Blalock and Park in 1944” In 1945 Gross and HufnageP demonstiated 
experimentally the feasibility of excising a segment of aorta and repairing 
the defect by end-to-end suture. Shortly afterwards clinical cases of excision 
of the coarcted aorta with end-to-end repair were reported by Ciafoord and 
Nyhn^ and by Gross ^ Though only a few' instances of surgical coirection of 
coarctation have been reported thus far, the procedure is being utilized more 
frequently as time passes and w'lth gratifying results. 

The purpose of this report is to record an unusual case of coarctation of 
the aorta associated with an aneurysm distal to the stenosis treated success- 
fully by excision and end-to-end repair of the aorta So far as I am aware, 
there has been reported no similar instance of successful extiipation of an 
aoitic aneurysm by excision and resuture of the divided aorta 

CASE REPORT 

The patient was an 8^-year-oId boy in w'hom a cardiac murmur had been detected 
at the age of 2 years His mental and physical development had been normal but his 
general activity had been restricted because of the presence of the murmur He had 
enjoyed good health up until the past year during which he had had several attacks of 
otitis media On January 9, 1947, he developed an earache and a fever of 103 5° Three 
days later he was admitted to the Bridgeport Hospital with a tentative diagnosis of 
rheumatic fever On the day of admission, as well as on the 4th and 9th days after 
entry into the hospital, blood cultures were positive for pneumococcus Type VII Salicy- 
late therapy had been instituted upon admission and on the 4th day treatment with peni- 
cillin, 40,000 units every two hours, was begun Because of the bacteremia, the cardiac 
murmur, and the continued septic fever, it was thought that he had bacterial endocarditis 
On Januaiy 23 he was transferred to the Pediatric Service of the Grace-New Haven 
Community Hospital 
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The patient was a well-developed, rather slender boj, with a temperature of ioi° F 
and a pulse rate of 104 There was a loud blowing basal sjstohc murmur heard best 
to the left of the sternum m the fiist, second and third interspaces and also heard well 
posteriorly, especially to the left of the eertcbral column Some obsereers thought there 
might be a faint diastolic murmur though others could not hear it Both tympanic mem- 
branes were dull but there was no aural discharge General examination was not remark- 
able except for the murmur, the fever, and a brachial blood pressure of 140/70 The 
initial impression was that the patient had congenital heart disease and bacterial endo- 
carditis He was treated with penicillin 100,000 units c\cry 2 hours and sulfadiarine 05 
Gm every 4 hours Blood cultures were negatne and treatment was discontinued after 
6 days Roentgenograms of the chest showed notching of the ribs and questionable left 
ventricular enlargement It was then noted that the pulses were weak or absent in the 



Fig I — Roentgenograms of the chest during barium swallow The heart size is 
considered normal , it is perhaps slightly more globular in shape than is usually seen On 
these and other films there is questionable evidence of slight left ventricular enlargement 
Notching of the ribs is seen A Preoperative roentgenogram There is marked inden- 
tation upon the esophagus by the aneurysmal mass B Roentgenogram taken on 12 th 
postoperative day The circular indentation of the esophagus seen m the preoperati\e film 
IS not evident 


lower extremities Some observers thought they could palpate a feeble femoral and 
popliteal pulsation, I could not feel them The dorsal pedal and posterior tibial pulsed 
were absent It was apparent that the patient had coarctation of the aorta Though 
there was a possibility that the bacteremia had resulted from aural infection, it was felt 
that It might well have originated from bacterial aortitis The patient was discharged 
on February 3 

On February 20 he was re-admitted He had remained well The systolic murmur 
was again noted The right brachial blood pressure was 150/104, the left 154/104 The 
femoral and popliteal pulses were absent or very feeble The dorsal pedal and posterior 
tibial pulses were absent Venous pressure in the left arm at heart level was 105 milli- 
meters of water Macasol circulation time from arm to tongue was 12 seconds, to the 
body 17 seconds, and to the right foot 25 seconds The urine was normal, the erythrocyte 
count 46 million, the hemoglobin 125 Gm, the leucocyte count 7,400 Hematocrit was 
39 and sedimentation rate 14 millimeters in 30 minutes Plasma proteins were 73 Gm 
per cent and chlorides 103 8 milh-equivalents The oral temperature ranged from 98 6° 
to 100 6° F Electrocardiograms revealed evidence of a slight left axis deviation Roent- 
genograms showed a left aortic arch Though the aiagnosis was not made befoie oper- 
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ation, m retiospect the roenlgenogiams with bauum swallow (Fig lA) revealed evidence 
of a mass in the legion of the fust pait of the descending aoita suggestive of an aneurysm 
On Felnuaiy 24 , opci ation was earned out under inti ati acheal etliei -oxygen anes- 
thesia A cuned incision was in.idc postenoi to and below the left scapula Numerous 
laro-e collateial \essels wcie cneonnteicd m the subcutaneous and muscle layers The 
fifth rib was resected subpci losteallj fiom the transverse pioccss out to the axillary line 
and a short posteiioi segment of both the 31 d and 4th ribs was excised The aortic aich 
appeared to be somewhat sinallci than noimal There was moderate dilatation of the left 
common carotid and maiked dilatation of the left subclavian aiteiy The latter was 
about I 3 cm in diameter at its base, about the same sire as the aich of the aoita Just 
a few millimetcis bejond the oiigin of the subclavian artciy theie was a marked nan ow- 
ing of the aorta (Fig 2) Deiond this point the thoiacic aorta was a little more than 



2 cm in diameter Here a marked systolic thrill was felt but there was no visible or 
palpable pulsation The arch of the aorta and the vessels arising from it pulsated vig- 
orously The first left intercostal arteiy was maikedly dilated and toituous, the second 
slightly less enlarged and the third only a little larger than normal The internal mam- 
mary artery was tortuous and much enlarged, being about 6 mm in diameter 

The first and second left intercostal arteries were dissected free in their proximal 
portions and, since it appealed essential for proper mobilization of the aoita distal to 
the coarctation, the first was divided between ligatures Next the ligamentum artenosum 
was isolated and divided between ligatui es , it appeared to be obliterated It was apparent 
that the coarctation existed 111 the area of the aorta connected with the ligamentum 
aiteriosum Dissection heie and along the mesial and posterior aspects of the aorta was 
very difficult and tedious because of the presence of an aneurysmal mass almost twice the 
diameter of the aorta itself It appeared to rise just below the coarctation and protruded 
against the esophagus mesially The aneurysm was carefully freed except foi the most 
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Fig 3 — Low power photomicrographs of section through aorta and 
aneurysm Werhof elastic stain The proximal aorta is seen below Distal to 
the coarctation the wall of the aorta opposite the aneurvsm appears normal 
but the aneurysmal wall has very little elastic tissue except for the knotted 
fibers on the ridge seen to the left of the edge of the mouth of the sac 
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Pl\tl 1 Kodachronie photographs of the excised speci- 
men (Al) The proximal end of the excised segment of aorta 
uith the small aperture through the stenotic area and the 
aneurysmal sac below (B) The distal end of the excised 
aorta The opening from the aorta into the aneurysm is 
seen The black silk ligature is on the stump of the hgamen- 
tum artenosum (C) The aorta and sac opened The small 
beady protrusions within sac w'all suggest vegetations 
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mesial portion which I felt could not be separated safel}’ fiom the esophagus and 
adjacent tissues until the aorta was clamped The first and second right intercostal 
arteries had to be ligated and dnided in order to inohilire tiic aorta properly The 
subclavian aitery and the distal end of the arch were mobilized Special aorta clamps 
were now applied above and below the coarctation and the aneurysmal mass In order 
to prevent occlusion of the subclasian artcrv the clamp was placed tangentially across 
its origin and e\en so a rather short segment remained between the clamp and the 
stenotic portion of the aorta With the clamps in place the sac w’as now completely freed 
w ithout 1 upture About 2 s to 3 cm of the aoi ta were excised, including the area of 
coarctation and the aneuijsm The two ends of the aoita were appioximated wulh a 
continuous eNcrting mattress suture of number 5 Deknatel, interrupted in several places 
Since the proximal aorta was smaller than the distal, it had been sectioned tangentially 
111 order to make its dnided end moie nearly the size of that of the distal segment The 
clamps were released slowly with the patient in Trendelenbuig position and during rapid 
mtraienous administration of blood No significant fall m blood picssure occurred 
Two small leaks on the posterior wall at the line of repair w'cre stopped by additional 
sutures, the area was now dr\ The distal aoita pulsated iigorously The mediastinal 
pleura was approximated with interrujited silk sutures and, following, inflation of the 
lungs, the wound was closed m la\eis with silk sutuics 

The stoma throueli the stenotic poition of the aorta had a diametei of onlj r 5 mm 
(Plate I) Just distal to the coarctation on tlie posteromesial aspect was an opening 
about I cm in diameter into an aneunsmal sac of about tw'ice the diameter of the 
aorta itself Within the sac wcic present small pearly protrusions w’hich looked very 
much like \cgctations The aorta show'cd no significant microscopic changes except in 
the area of stenosis and m the region of the aneiuysm (Fig 3 ) The fibro-clastic media 
appeared well presened -kt the site of the coaictation the subendothehal fibrous con- 
iiectne tissue was reduplicated, there was a thick layer of dense scar tissue, and the 
fibro-elastic media was laigelj replaced bj fibrous connective tissue which extended m 
strands into the proximal and distal aorta Here the laminations were distorted with 
separation of the fibrils by an increased amount of fibrous connective tissue Opposite 
the mouth of the aneurism the media of the aorta was normal m appearance At the 
opening of the aneurysm the elastic tissue ended abruptly and the elastic fibers w'ere 
coiled into knotted and entangled fragments The sac itself W'as composed of dense 
collagen fibers, foimmg a connective tissue wall which was infiltrated with many plasma 
and mononuclear cells especially about the blood vessels Theie w'ere rare scattered thin 
atrophic elastic fibers here and there in the wall of the aneurysm , otherwuse no elastic 
tissue was present except in the region of a fold upon wdnch the vegetation-like lesions 
were centered Here there was a dense mass of knotted elastic tissue fibers external to 
wdnch an area of necrosis w'lth numerous polymorphonucleai leucocytes was seen in 
the wall of the sac, and internal to wdnch was dense fibious connective tissue The entire 
sac was lined with a thin layer of blood platelets and fibrin Bacterial stains demon- 
strated no organisms The blood vessels m the wall of the sac show'ed occlusion of the 
lumen by proliferation of endothelial cells, connectue tissue replacement of the muscu- 
lature, and fragmentation of elastic tissue 

The patient had an uneventful convalescence Vigorous femoral, popliteal, dorsal 
pedal and posterior tibial pulses were present immediately after operation and popliteal 
blood pressure was 124/90 The following day blood pressure in the thigh by ausculta- 
tion of the popliteal vessels w'as 140/100, blood pressure in the arm 112/90 Tw^enty- 
thousand units of penirilhn w'ere administered every 3 hours for 10 day's Except for an 
elevation to loi” on tw'o occasions, the temperature w'as never over 100“ and soon 
became normal The patient w’as kept in an oxygen tent during the first day and night 
He W'as allowed up in a chair on the 4th day and began to w’alk on the 8th day His 
urine and blood count weie normal On occasions a faint precordial systolic murmur was 
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present, although it was sometimes inaudible Roentgenograms with barium swallow 
showed an absence of the mass preiiously demonstrated (Fig iB) The patient was 
discharged on February lo and was allowed to be normally active On discharge blood 
pressure in the right arm was 118/86, left arm 112/90, right thigh 134/90, left thigh 
130/94 Oscillometric studies reiealed normal values, 5 5 to 6 in the thighs, 3 to 4 in 
the legs The patient remained well 

He was re-examined on April 26 He had gained 10 pounds during the past 2 
months Heart rate was 75 There was a short s3'stolic murmur heard to the left of the 
sternum centered about the 4th interspace Blood pressure was 106/70 in the right arm, 
102/70 m the left arm, 108/70 m the right thigh, 104/70 in the left thigh Femoral, 
popliteal and posterior tibial pulses were full and equal Oscillometric studies again 
showed normal ralues, 5 "5 and 6 in the thighs, 45 and 5 m the legs, and i 2 and i 4 in 
the ankles 


DISCUSSION 

Several interesting problems aie presented in connection with the case 
reported The first deals with the coexistence of coarctation and aneurysm 
of the aorta and of coaictation and bacterial aortitis As Abbott® pointed out 
in her review of 200 cases verified at postmortem examination, dilatation of 
the ascending aorta is very common This w'as the finding in loi cases, •while 
in 7 the aorta w^as normal in size, and in 21 h3'poplastic No comment con- 
cerning this matter w'as found in the records of 71 cases She obseried that 
the state of dilatation varied greatly from case to case and that in some a 
diffuse or saccular aneurysm resulted, or a dissecting aneurysm which, m 
turn, sometimes ruptured into adjacent structures She gave no data con- 
cerning the incidence of expansion of the descending aorta but remarked that 
“localized dilatation of the descending thoracic aorta immediately below the 
stenosis is common ” The enlargement of the descending aorta is often a 
bulbous dilatation w'lth a normal sized aorta below' the 4th or 5th intercostal 
In her survey, 7 examples of saccular or spindle-shaped aneurysm distal to 
the site of coarctation were mentioned, m three of them rupture w'lth fatal 
hemorrhage ensued Nine instances of mycotic aneurysm bejond the coarcta- 
tion were mentioned in three of w'hich rupture occurred 

The recent review of 104 additional autopsied cases of coarctation by 
Reifenstem, Levine and Gross^ records no specific data concerning the inci- 
dence of aneurysms They stated, how'ever, that dilatation of the aorta was 
commonly observed in the ascending and, less commonly, in the descending 
portion It IS of interest that the incidence of rupture of the aorta as a cause 
of death in their cases was nearly the same as in Abbott’s series (23 i per 
cent as compared w'lth 20 per cent) and that bacterial endocarditis or aortitis 
caused more deaths in their series than in Abbott’s (22 i per cent as compared 
W'lth 16 per cent) 

Rupture of the aorta apparently bears a direct relationship to aortic dila- 
tation or disease Abbott noted death from rupture of the ascending aorta in 
33 cases and at or near the site of coarctation m five cases Referring to the 
33 cases of rupture of the ascending aorta she pointed out that the aorta w'as 
markedly dilated in 29 and frequently w'as the site of an aneurysm, in the 
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gieat majoiity a dissecting aneuiysm had foimed with subsequent luptuie 
Reifenstein et al obseived luptuie of the ascending aoita in 19 cases and of 
the descending aoita in five Among 14 cases of mycotic endarteritis 111 
Abbott’s senes the infection was at the seat of coaictation m 13, while one 
was a mycotic aneuiysm of the ascending aorta Nine of the cases of endar- 
teiitis in the legion of the coaictation had mycotic aneuiysms Similarly 
Reifenstein and his associates obseived six deaths from bacteiial aortitis, 
which in two cases affected the ascending aoita and m four the aorta distal 
to the coaictation Their suivey included one case of spontaneous lecoveiy 
fioin bacteiial aoititis followed by piogiessive aiieuiysmal dilatation and 
calcification of the affected poition of the aoita, possibly mycotic m oiigm 
They also mentioned another case in which an alpha sti eptococcal bacteiemia 
was piesumabh'- cuied by penicillin theiapy with subsequent aoitic dilatation 
distal to the coaictation It is n ell-known that limited luptuie of a vessel 
vith production of a non-fatal dissecting aneuiysm may lesult eventually in 
a lesion indistinguishable fiom any othei saccular aneuiysm Then lepoit 
included one case of a dissecting aneuiysm distal to a model ate coaictation 
which showed at postmoitem examination 19 months latei an “endotheliahzed” 
lumen 

Several factors may contribute to the dilatation of the aoita and to the 
formation of an aneuiysm or lupture With regard to the ascending aorta the 
question of hypertension and the lelative mciease in intra-aoitic tension due 
to stenosis at the seat of coarctation must be consideied Gioss and micio- 
scopic evidence of alteiations 111 the wall of the aorta have been observed 
Though Reifenstein and his co-woikers deploied the mfiequency with which 
case reports included careful microscopic studies of the aorta at the site of 
rupture and below and above the coaictation, they pointed out that deciease 
in the thickness of the media was geneially noted, with neciosis, hyaline 
degeneration, fibrosis, decrease in and fiagmentation of the elastic tissue, and 
cystic change They also pointed out that athei omatosis was common, that 
the vasa vasorum were occasionally narrowed, and that the outstanding altei- 
ation was destiuction of elastic tissue The relative roles of hypertension and 
of congenital changes of the aortic wall in the production of these lesions is 
not well-established Abbott spoke of seveial factors which may influence 
the development of an aneurysm distal to the coarctation She stated that the 
bulbous dilatation just beyond the coarctation was a “direct result of the leturn 
of the collateial circulation through the aortic inteicostals ” She also pointed 
out that “even where this localized mciease m diameter is not marked, the 
aorta just below the constriction at the entiance of the collateral blood often 
shows a patchy atheroma, which may act as a predisposing factor for the 
formation of a dissecting aneuiysm with spontaneous iupture m this situation 
or for the development of a mycotic aneuiysm ” In addition she stated that 
in othei cases ti action by the ligamentum aiteiiosum produces a kinking or 
outpouching of the right lateral wall of the aorta, and that this area may 
rupture externally 
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In my case the aneuiysm was not recogni/ed before opeiation The 
patient had no complaints attributable to such a lesion and ordinary chest 
roentgenograms revealed no mass suggesting an aneurysm Roentgenograms 
taken during barium swallow, how'ever, show'ed a large esophageal indentation 
which was hardl)^ compatible w'lth the usual impiession made b}" the aortic 
knob The lammograms demonstrated a mass near the tiacheal bifurcation 
which w^as absent after opeiation and which w'as much the same m size, shape 
and position as the aneuiysmal mass It w'as evident m retrospect that these 
obseivations should have established the diagnosis hefoie opeiation Exam- 
ination of the excised specimen gave no specific clue as to the etiolog}'^ of 
the lesion It was similar m gross and microscopic appeal ance to the usual 
saccular aneurysm produced by disease of the arterial wall oi by trauma and 
to the oidmary mycotic aneur3'sm after subsidence of infection Theie was no 
bulbous dilatation of the first part of the descending aorta, so that general 
thinning of the w'all from such a process is not a likely explanation for the 
pioduction of the lesion It was situated on the right lateral w^all of the aorta 
but since the ligamentum arteiiosum w^as attached several milhmeteis proxi- 
mally at the site of the stenosis, it appears unlikely that traction by this 
structure was a factor The mouth of the sac w'as m an area wdiere atheroma- 
tous plaques are common and it is entirely possible that the giving w'ay of 
such a lesion may have pioduced the aneurysm The patient had a pneumo- 
coccal septicemia and the sac w'as lined w'lth an irregular organized thrombus 
which grossly resembled a vegetative process Though no organisms w'ere 
demonstrable, the microscopic picture w'as not incompatible w’lth an infected 
vegetation which had been rendered sterile by penicillin Whether the bac- 
teremia resulted from such a process or from the mild otitis media cannot be 
established It seems unlikely that a bacterial aortitis at the time of the bac- 
teremia could have produced a mycotic aneurysm wdneh w'ould have such a 
w'ell-organized gross and microscopic appearance 7 weeks later It is entirely 
possible, of course, that the lesion may have developed asymptomically as a 
mycotic aneurysm some time in the past 

The second problem raised by the case reported concerns the tieatment 
of aneurysms of the aorta m general and in particular those of the descending 
thoracic aorta Bigger,® Elkin, Alexander and Byron, and de Takats and 
Reynolds^^ have recently reviewed the literature concerning the operative 
treatment of aneurysms of the aorta and have pointed out how^ few aie the 
cases of successful results from ligation As far as I can ascertain only in the 
case of Alexander and B)'ron and in the case which I have described has an 
aortic aneurysm been excised, and only in the latter case has the aorta been 
repaired by end-to-end suture Attention should be called to the fact that 

* Clark and Koenig® have recently reported a case of saccular aneurysm distal to 
the area of coarctation proved at autopsy which was recognizable on roentgenographic 
examination because of calcification of the sac wall They presented a second probable 
case of distal aneurysm m which a shadow was visible on ordinary films of the chest 
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recently t^^o cases of arteriovenous fistula of the abdominal aoita have been 
treated successfully by closure of the arterial defect with maintenance of the 
continuity of the aorta In general it has been necessary to treat aortic 
aneurysms by some method such as internal wiring and coagulation Some 
excellent results have been obtained w ith this method^^’ and I have been 
leasonably well satisfied with most of the cases wdiich I have treated in this 
manner Unless this procedure can be combined wnth complete aortic occlu- 
sion, howe\ei, it must be looked upon as a palliative rather than a curative 
measure 

In speculating upon the feasibility of excision of aortic aneurysms the pi ob- 
lem of collateral circulation immediately comes to mind, and it is of interest 
that the onl} two cases thus far so treated have been instances of aneuiysm 
in conjunction wnth coarctation It would, of course, be possible to excise an 
aneurysm and ligate the se\ered aorta only if w^ell-developed collateral circu- 
lation were present Even then one w'ould be concerned wuth the production 
of hjpertension unless the ligation were carried out m the distal aorta Indeed, 
without adequate collateral circulation one might be fearful of occluding the 
aorta temporarily in cases m w Inch it appeared likely that restoration of con- 
tinuity of the aorta might be accomplished, because of the hazard of ischemic 
damage to the spinal cord, a complication often noted after temporary aortal 
occlusion in dogs Only further experience wull leveal wdiether the aorta can 
be safely occluded temporarily m the absence of abundant collateral circulation 
and for how' long To be sure, Crafoord has often clamped the aoita in cases 
of patent ductus arteriosus dunng closure of the aortic end of the ductus wnth- 
out harmful effect He informs me that up to June 1947 he has thus com- 
pletely occluded the aorta for intervals of from 12 to 28 minutes in 31 patients 
without difficulty, only in one instance m which the occlusion was maintained 
for 48 minutes did symptoms of spinal cord injury follow^ 

The problem of bringing about development of adequate collateral circu- 
lation around a segment of aorta has been discouraging due to the tendency 
of external bands and ligatures to cut through the wall of the vessel in time, 
wuth resultant fatal hemorrhage Blakemore has, how^ever, recently made an 
important contribution in demonstrating that the diameter of the aorta can be 
safely narrow^ed by progressively decreasing its lumen with coils of fine wire 
introduced wuthm it From his experience it w'ould appear that a safe and 
reliable method is at hand for producing partial occlusion and for aiding the 
development of collateral circulation 

If then, methods are available for increasing collateral ciiculation 
or if it becomes evident that the aorta can be safely occluded tempo- 
rarily without obviously increased collateral circulation, one is justified m 
speculating further upon the possibility of excising aoitic aneurysms Should 
excision be possible there can be no question that one should aim idealty 
tow^ards restoring blood flow through the aorta in order to prevent hypei ten- 
sion in cases of proximal aortic lesions and m ordei to circumvent intermittent 
claudication and other ischemic difficulties of the extremities It is unlikely 
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that one could so mobilize the aoita as to permit end-to-end suture in any 
cases other than those of excision of a i elatn ely shot t segment of the proximal 
portion of the descending aoita It must be emphasized that the adult aorta 
IS less pliable and less easily mobilized than that of the child and that rigidity 
and fixation of the aoita are especially piominent in cases of aiterial disease 
In general it would be necessar}^ to insert a lenous tiansplant into the defect 
Experiences with vein transplantation in peiipheral arteries^® lead me to 
believe that vein gi afts to bridge aoi tal defects may be feasible It is unlikely 
that excision of aneuiysms of the ascending aoita, the arch, or the fiist part 
of the abdominal aorta which gives rise to the impoitant nutritive branches 
supplying the abdominal visceia will ever be possible I do think, however, 
that it is w'lthin the realm of possibility that some day aneurisms of the 
descending thoracic aorta and of the distal abdominal aorta may be tieated 
successfully by excision and lestoiation of continuity of the aorta Experi- 
ments are being undertaken to test further these possibilities 

SUMALAJIT 

A case is presented of coarctation of the aorta complicated by a saccular 
aneurysm distal to the coarctation and by bacteremia w'hich may possibly have 
lesulted from infected vegetations wnthin the sac The bacteremia w'as treated 
successfully by penicillin and sulfadiazine therapy and the coarctation and 
aneurysm w'ere subsequently excised with repair of the aorta by end-to-end 
suture 

The author wishes to express his appreciation to Dr S H Durlachcr of the 
Department of Pathology, who made the microscopic studies of tlie excised specimen, 
and to various members of the Departments of Pediatrics and Radiology for their 
assistance 
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THE CHANGING SCENE IN AMERICAN SURGERY-^ 

I. S Ravdin, M D 

PlirLADFlPlIIA, Pa 

I AM HONORED to havc been asked to give the John Chalmers Da Costa 
Oiation Doctor Da Costa was tlie fiist suigeon whom I met after coming to 
Philadelphia in 1916 I had been given a letter of introduction to him vhen 
I came East A few days aftei I ai rived m Philadelphia I had dinner "with 
Doctoi Da Costa at the old University Club on Walnut Street On numerous 
occasions theieaftei I attended his famous Wednesday afternoon clinics to 
which came not only students fiom his own school but also many from my 
alma matei acioss the Schu3dkill Pie was the most accomplished medical 
lecturei I have known His knowledge of the histor}' of medicine and surgeiy, 
and of current surgical htciatuie, coupled with a raiely equalled vocabulai}'’ 
and foim in exposition, made him a most fascinating speaker I ^\onder how 
many of the young men in medicine and suigeiy have read his collected essays 
m “The Trials and Tiiumphs of the Surgeon” The}’^ might well be made 
required reading foi medical students Pie nas a noith}' successor to the men 
who so ably have filled the chairs of suigeiv at the Jefferson Medical College, 
and he occupied the Samuel D Gross Piofessorship fiom 1910 to 1930 

Those who have read his essays know that he frequentlv wrote on the 
suigery of the past but rarely gave way to speculation on the future of the 
profession he so deaily loved It was with some misgiving that I chose as my 
subject "The Changing Scene 111 Ameiican Surgery” Although we might 
not have agreed upon what the futuie has in store for us, we would, I am 
sure, ha\e agreed upon an evaluation of the surgery of the past The his- 
torian who has before him facts upon which to base his asseitions is much 
more likely to be correct than is the crystal gazer who, with a limited knowl- 
edge of the past, attempts to be prophetic of the future 

I propose, therefore, rapidly to pass in leview some of the major historical 
epochs in surgery before attempting to evaluate the present and future trends 
in surgery It may stand us in good stead, foi we are too apt to forget our debt 
to those who have gone before us, and it is difficult at tunes to reach a pioper 
peispective of the importance of present tendencies, without some knowledge 
of the past 

Hippocrates, who was born in 460 B C , can well be called the Fathei of 
Sui gei y, although in his lifetime all the bi anches of medicine wei e can led on 
by the single practitioner He provided an excellent discussion of the lighting 
of an operation room and the care of the surgeon’s hands He detailed care- 
fully and minutely how the surgeon should work He laid the foundation for 


* The Da Costa Oration presented on May 21, 1947, at the Philadelphia County 
Medical Society 

John Rhea Barton, Professor of Surgery and the Director of the Harrison 
Department of Surgical Reseaich, School of Medicine, University of Pennsylvania, 
Philadelphia 
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cerebral localization, and his observations on cerebral trauma were excellent, 
even in the light of our present knowledge His discussion of wounds and 
their treatment can be read with profit toda}'-, and his writings on fractures and 
dislocations were unique for nearly 1,500 years He was the father of inductive 
research in medicine and he laid the foundations of physiology 

Galen, who vas born nearly 600 years latei, was the father of deductive 
research in medicine He discovered the cranial nerves and the sympathetic 
nervous system and described the method by which urine flowed from the 
kidneys to the bladder Yet, in spite of his keen power of observation, he 
frequenti} gave vent to riotous speculation Charles Burr, in speaking of 
Galen, once said, “It was not his fault that foi centimes the world accepted 
all his hypotheses as final,” foi the authority of Galen, often erroneous, pei- 
sisted for nearly 1,500 years 

Vesahus Eustachius, Fallopius and Fabncius were perhaps the foui 
greatest anatomists of the Renaissance These men more than any otheis 
placed morphologic anatomy on a sound basis How tawdry are the anatomic 
illustrations in modern textbooks when compared to those of the great Italian 
School of the Renaissance 

Fabncius was the teacher and preceptor of William Harveir He had 
long been interested m the vascular S3'stem and to him belongs the credit 
for having fired Harve}’s imagination, for Fabncius had lecognized the exist- 
ence of valves in the veins and had noted that they weie all turned toward 
the heait Harvey’s experiments were begun in the year of the death of 
William Shakespeare A gieat discovery is raiely, if ever, the sole achieve- 
ment of one man Man)' had stood on the threshold of the discovery w'hich 
Harvey finally made Galen, m fact, had once wwitten, “If you would kill an 
animal b}' cutting through a number of its large arteries you ivill find the 
veins becoming empty along wuth the arteries , now' this could never occur if 
there ivere not anastomoses between them ” Haivey’s great w'ork, which he 
wTote of in his immortal “De Mortu Cordis” w'as due to his use of sound 
experimental methods But even Harvey did not know of the paths by wdneh 
the arterial and venous systenrs communicate, and his discovery W'as not made 
complete until Malpighi m 1661 demonstrated by the use of microscope the 
existence of capillaries 

The experimental method, which w'as utilized spoiadically, found no last- 
mg place m surgery The ai t of surgery w'as being practiced wuth a somewhat 
w'lder scope, but very few' significant advances w'eie made Surgeons still 
accepted Galen’s dogma that suppuration w'as an essential pait of wound 
healing , they w'ere not as yet convinced that all pus w'as evil 

It was not long after the time of Hippociates that suigery became looked 
upon as a menial task involving simple craftsmanship The capacity to do an 
operation successfully depended upon the qualities of an individual, not upon 
training common to all surgeons The social and scientific standing of the 
“barber surgeons,” w'ho inherited this menial aspect of medicine, left much to 
be desiied, but from this gioup came Richaid Wiseman and Ambroise Pare 
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Both were astute observers and skillful operatois, and Pare, who at the age 
of twelve decided to become a surgeon, must always be considered ais one of 
the greatest surgeons of all time 

John Hunter in the latter part of the eighteenth centuiy, gave surgery the 
beginning of a sound foundation in pathologic anatomy Hunter was an ob- 
server and investigator, and he was responsible for changing the spirit of sur- 
gical practice The museum which he founded in the Royal College of Surgeons 
m London was the mecca of suigeons of the English speaking world until the 
ruthless Nazi raids on London destroyed it 

It was not until 1805 that the School of Medicine of the University of 
Pennsylvania deemed it expedient to separate the Chair of Surgei}' from that 
of Anatomy and Obstetrics, at which time Philip Syng Physick w as appointed 
to the first Ptofessorship in Surgery Even in Edinburgh there was still a 
combined Chair of Surgery and Anatomy When Physick was appointed, pain 
hemorrhage and infection still impeded surgical progress It is true that in 
1799 Humphrey Davy, who had not then gained renown as a physicist, had 
written, “Since nitrous oxide is capable of annuhng pain it might be used in 
surgical operations in which there is no great effusion of blood ” 

Can you for a moment picture the agony which was endured in the days 
before the introduction of general anesthesia^ Hayden has given us this 
picture in his classic description when he says, “With a meek, imploring look 
and the startled air of a fawn, she is laid on the table and in spite of opiates 
previously administered, agonizing screams burst from her at the first cut of 
the scalpel Strong men are at hand to pinion her down until the operation is 
completed At length it is finished, and prostrate with pain, weak from her 
exertions, and bruised by the violence used, she is borne from the amphitheatre 
to her bed in the w'ards to recover from the shock by slow degrees ” Such 
w^as the horror of operation in the days before Long and Morton gave to the 
world contributions for which w^e must remain eternally in their debt Were 
It not for them the practice of medicine and surgery might still be little 
changed from that of the dark ages 

Pare had used ligatures extensively for the control of hemorrhage and 
Physick had experimented wnth the use of absorbable sutures and ligatures 
By the middle of the 19th century Valentine Mott of New York had tied moie 
large blood vessels than any other surgeon living or dead The importance of 
hemostasis and methods for the control of hemorrhage became bettei under- 
stood 

While Physick was practicing in Philadelphia, the “living pathology” of 
the abdomen began to be written m Kentucky There in w'hat w^as then called 
the “Far West” in December, 1809 , Ephraim McDowell, a pupil of Hunter, 
successfully performed the first ovariotomy Thirteen years later William 
Beaumont, an army surgeon stationed at Michillamakinac, Michigan Territoiy, 
was called to treat Alexis St Martin, who had been accidentally wmunded bv 
the discharge of a shot gun St Martin had sustained an injurv of the chest 
wall, the left lung and diaphragm and the stomach A year passed and Beau- 
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mont reported that “The mjuied paits weie all sound and fiimly cicatrized 
with the exception of the apei tiire in the stomach and the side ” 

Beaumont is generally regarded as the first American physiologist, but 
he lias b} act and inclination a suigeon He was not appalled by the handicaps 
in knowledge which were arrayed against him He utilized his unique patient 
to make lasting contributions to our knowledge of noimal gastric function 
Then came the War Between the States and the best efforts of surgeons 
w ere still frustrated by infection Of 3,117 gun shot wounds of the abdomen 
treated in army hospitals m the Civil War only 444 lecoveied, a mortality of 
858 percent, while during World Wai H of those admitted to hospitals with 
abdominal wounds nearly 80 per cent recovered It was not until 1881 that 
Kinlock of Charleston performed the first abdominal section for gunshot 
wound of the intestines Those who recovered from abdominal injuiy m the 
Civil War either did not have perforation of the intestines or recovered fol- 
lowing the formation of an abscess It remained for Joseph Lister in 1865 to 
apply Pasteur’s researches on fermentation to clinical surgery and to prove 
once and for all time that all pus is evil, that healing by primary intention, of 
which Pare had written more than 200 j^ears before, could be attained 

The die was cast for a rapid expansion of surgical effoit Operations 
which previously could not be attempted, or, wdien they w^ere, had a prohibitive 
mortality, began to be done not by a single surgical adventurer or genius, but 
by many surgeons They w'ere soon being done ivith a degree of safety that 
belied Baron Boyer’s statement in the early nineteenth century that surgery 
had reached the greatest heights to wdiich it could ever attain The time w'as 
now' ripe for a surgical approach to many hitherto unattacked lesions of the 
abdominal and other viscera Man)' w'eie the men who w'ere spurred on to 
operate for lesions of the stomach, the gallbladder, the small and large bowel 
and the pelvic viscera In Doctor Da Costa’s School the names of W W 
Keen, the elder Gross, and Pancoast, and in my owm Agnewq John Ashhurst 
and Deaver stand out m the galaxy of American surgeons wdio in the latter 
part of the last century exerted a pow'erful influence in the new' revolution 
in technical surgery 

Toward the end of the nineteenth century a very great change began to 
take place in our medical schools They w'ere no longer institutes of anatomy 
and pathology to which w'ere attached the clinical departments of medicine, 
surgery and obstetrics Bacteriology, physiolog}' and physiologic chemistry 
became independent fields of scientific effoit and training They assumed an 
ever increasing portion of the time of the medical student, and they played an 
ever increasing lole in the progress of surgery 

Antiseptic surgery gave w'ay to aseptic surgery in spite of those who be- 
lieved that the older system w'as sufficiently good New anesthetics began to 
be available to surgeons and poor methods of anesthesia gave w'ay to better 
methods Operations designed merely to alleviate temporarily the symptoms 
caused by certain diseases gave way to more radical and to more physiologic 
procedures designed to cure these disorders 
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The great Billioth had issued liis dictum, “Das innerc medicin must mchr 
and mehr chirurgisch liekommcn ” Surgeons, following then colleagues in 
internal medicine, began to ulili7e the expanding knowledge of normal func- 
tion wduch w'as made available by those woiking in the fundamental medical 
sciences, and they m turn as a result of operation m the early stages of certain 
diseases made available the know ledge of the abnormalities from normal func- 
tion wduch w'ere brought about b}' early disease Prior to this time symptoms 
w^ere con elated all too frequently with the findings at the autops) table The 
pathologic physiology of earl}' disease of many viscera w'as poorly undei stood 
This W'as the period of the gieat individualists in surgery jNIany of them 
became know'n throughout the w'orld, but few' of them recognized their respon- 
sibilities to their communities and to medicine, for few' of them really trained 
many young men The young man interested m a caieei m surgery still had to 
make his rent and board in general practice 

Progress m any art or science nearly always is dependent upon the train- 
ing of the men who devote then lives to study m any special field Surgeons 
m general w'ere still trained by periods of semipreceptorship, or they were self- 
trained until William Halsted had the vision that such training was inadequate 
As the result of his genius the resident system in surgery w-as born He taught 
his proteges the importance of carefully studying their patients, of attempting 
to improve their condition prioi to operation, of good anesthesia and of the 
gentle handling of tissues He surrounded them during their } cars of training 
w'lth the spirit of investigation and he encouraged them to be investigators 
He forged a new' method of giaduate suigical training w’hich provided in- 
creasing responsibilities and opportunities He more than ainone else m our 
lifetime made surgeons realize that an operation w'as not successful unless the 
patient became well again 

In his essay on “The Trials and Triumphs of the Surgeon” Doctor Da 
Costa said, “It is the solemn and imperative duty of a suigeon to give able and 
worthy young men a chance to become surgeons He should tram them — weed 
out the unfit — ^stimulate and encourage the fit — stand by them till they can go 
it alone I venture to say that Professoi Halsted is as proud of nothing m 
his distinguished career as of that splendid group of biilliant men he trained 
and started on the road to eminence A surgeon w'ho deliberately fads to tram 
young men is guilty of a crime against humanity A hospital management 
which makes a surgeon fail in this duty is criminal ” 

Halsted constantly stressed the fact that the ultimate aim of surgery was 
to restore function He realized that to do this the surgeon must have an 
intimate knowledge of normal function, which is physiology, and to this his 
direct and indirect disciples have added physiologic chemistry and the allied 
basic sciences 

Such know'ledge has made possible the great advance m pieoperative 
preparation and postoperative care of our patients, achievements of the great- 
est importance during the past 20 or 25 years, and m the mam brought about 
by American surgeons Fluid and electrolyte balance, shock and its thei apy, 
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visceial protection against noxious agents, intestinal intubation, factois influ- 
encing wound healing and many other fields have been intensively studied, 
and these studies have led to advances which have added immeasuiably to the 
safety of patients who must undergo anesthetization and operation The 
surgical residents, the internes and even the medical students now realize, 
although the lay group may not, that pre- and postoperative care is as im- 
poitant to the surgical patient’s welfare as is the operation, and that when 
such care is thoughtlessly or carelessly given, it may be as catastiophic as 
carelessness in operative technic 

The old aigument regarding the efficacy of heat oi cold when applied to 
the abdomen of the patient w ith pei itonitis is rarely heard today, for it is now 
known that neither heat nor cold applied to the abdominal wall can m any \\ ay 
influence the course of the infectious piocess The traditional order “push 
fluids’’ of the midtwenties has been supplanted by careful orders designed to 
provide the individual patient w ith the fluid, electrol} tes and other substances 
which that particular patient requiies It took World War II to make us 
realize that there is no such thing as a “blood substitute” although new and 
useful materials for restoring plasma volume have been found 

As the etiology of many diseases became more clearly established and the 
methods foi cure more definitely defined theie began to develop an ever-in- 
creasing group of suigical specialties It soon became evident that patients 
who needed surgical care had the best chance of getting well when treated by 
surgeons who had been specially trained in a specific field of surgery 

The advances in surgery during the past few decades have not been con- 
cerned alone with pre- and postopeiative care The expanding knowledge of 
physiologic function has stimulated majoi extensions in technical surgery 
Cushing, as a result of his know ledge of neuropathology and neurophysiology, 
Avas able to develop a specialty of the field of neurosuigery and to make it 
a relatively safe one Recent additions to pulmonary, cardiac and vasculai 
surgery have been possible because of an intimate knowledge of normal 
physiologic function, and the surgery of these systems has a rational and 
sound foundation The surgeons who have explored, and are continuing to 
expand these fields could not have attained the brilliant lesults wdiich they 
have, how'ever great their technical skill, had they not been able to utilize 
the fundamental knowdedge which investigators m the basic sciences have 
made available 

The application by surgeons of basic research to the practical problems 
presented by patients is frequently m the headlines, wdiile the painstaking 
eflforts of an imaginative scientist wffio made the fundamental observation is all 
too frequently overlooked by clinician and layman alike Applied research is 
important and valuable, but it is impossible wnthout pure research It is an 
unfortunate circumstance that the importance of the latter is still too often be- 
littled by those wdio do not understand its relation to the whole field of 
clinical medicine 

Most of the men wdio have contributed to the modern expansion of sur- 
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gical effort have been relatively young men William Mayo in speaking of 
them said, “Youth without experience attacks unsolved problems which 
maturer age with experience avoids, and from the labors of youth comes 
progress " Imbued with the spirit of investigation they have perfected new 
methods of therapy, discovered the explanation of various clinical phenomena, 
improved pre- and postoperative care, and added to our knowledge of noimal 
and pathologic physiology They have been responsible in large part lor 
bringing the art and science of surgery together 

The time has now come when we must take stock and determine, if \\c 
can, the direction in which surgery and surgical training shall take in the 
future We have a great advantage over our predecessors, even over Doctor 
Da Costa, for we have had a longer period to see the benefits which come 
from the superior scientific training which our medical students and graduates 
m training are receiving We can now be sure that there can be no substitute 
for planned resident training in surgery or the surgical specialties, wherein 
the trainee is provided with increasing opportunities for work and develop- 
ment, and given more and more responsibility as he demonstrates his ability 
I do not believe there is any problem in training an operator Given a 
young man with dexterity it is a small accomplishment to tiain him to 
become skillful in even complicated technics The laboiatory diener who 
surpasses most of the students and even teachers m placing sutures is not 
uncommon The young graduate who is selected for surgical training is chosen 
for his knowledge of science, for his broad interest m medicine, and for his 
ability to carry theory into practice, as well as for his manual skill If he 
then receives his training in a clinic where the spirit of investigation is 
constantly present, where the study of the patient is made with the same 
thoroughness that it is made m a medical ward, he should certainly develop 
into a better suigeon than will the graduate who receives his training in an 
atmosphere of semi-empiricism and emphasis on minoi technical achieve- 
ments The operator may have many brilliant operations, but the surgeon 
will have many well patients 

We must consolidate the experience of the past three decades m surgery 
and strengthen surgery below the level of specialization I am not unmindful 
of all that has been done for American surgery by the American College of 
Surgeons and by the various academies of the surgical specialties I am not 
unmindful of the benefits that have resulted from the effoits of the American 
Board of Surgery and the various specialty boaids, but I would be remiss in 
my duty were I to fail to point out that a sound foundation in general 
surgery is the best training for any surgical specialist 

The first generation of surgical specialists was almost universally made 
up of general surgeons who developed particular interests in special fields 
and devoted more and more of their time to these fields, finally becoming 
known for their accomplishments in then specialties Each of these men had 
his disciples uhom he trained m his field, but with his own background he 
was able to give them of his oun experience in general sui gical piinciples 
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More recently the intern has gone at once into specialized training which is 
too often directed by a specialist with no first-hand knowledge of general 
suigery We must, 1 believe, stiengthen the surgical specialties by providing 
a unity of basic suigical training If this is not done the essential independence 
of the surgical specialties may become lost As Harvey Cushing so aptly said, 
“They aie justified only by their continued productiveness ” 

A year, or possibly two years, of general surgical training will provide the 
best possible foundation for the surgical specialist in the futuie It will open 
to the young trainee a bioader approach to his particular field, which will 
without doubt lead to expansions m that field Training in general surgery 
may not seem to be essential to many of the older men in special fields of 
surgery, but it has not been many years since the older general surgeons 
were convinced that a background of anatomy and pathology was completely 
adequate for the embiyo surgeon The possession of ceitain specialized skills 
IS not incompatible with a knowledge of fundamental surgical principles The 
two complement each other and will inevitably lead to the advancement of 
knowledge in the special fields 

There are few special fields in which the trainee would not be benefited 
by a year or more of general surgical training This is certainly true of 
urology, gynecology and orthopedic suigery It is equally true for those who 
wish to enter the thoracic and cardiovascular fields The candidates for 
examination m plastic surgery must now have been certified by the American 
Board of Surgery 

The young specialist who has been trained first m general surgery in a 
clinic where he has had an opportunity to do investigative work, or to come 
in close contact with those who are doing it, and who has acquired the 
ability to care for patients with all types of surgical lesions will necessarily 
have a broader outlook on his own work and be less limited in the technics 
which he brings to it It is from such men that we may well expect leadership 
and the ability to expand the boundaries of knowledge in the surgical spe- 
cialties in the future 

The various boards, m an effort to raise the standards of practice and to 
provide a gauge by which surgical specialists may be measured have 
attempted to standardize training In their justifiable zeal to protect the public 
they have carefully and thoughtfully defined what the training for a particular 
field shall be They have in many instances detailed the amount and type of 
basic training which candidates for certification must have Even the number 
of years of training has been specified, evidently on the assumption that all 
training is equal in the opportunities and responsibilities presented. The 
experience of examiners during the past ten years has demonstrated that this 
IS by no means true In spite of certain defects the boards must continue 
to be responsible for the safeguarding of the qualifications of surgeons and of 
surgical specialists 

Doctor Da Costa frequently alluded to what he called “the system” in 
certain hospitals where “some of the staff get more than they deserve and 
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most get less than they need ” He deciicd the policy which he believed to he 
all too common in 1915 of not appointing membeis of the staff purely for 
fitness, but of permitting personal leasons to sway the result A peiiod of 
graded training leading to certification will provide young men in the future 
with the necessary background which will bring lecognition If the profes- 
sional staffs of our hospitals fail to lecognize this, the lay boards Avhich direct 
them, must piovide the necessary recognition Certification, if it is to be a 
hallmark of accomplishment, will signify bioad education and motivated 
tiaining, a full realization that the obligations of certification entails superioi 
knowledge and skill and the ability to lendei distinctive seiwice If certifica- 
tion continues to signify this with inci easing clarity, suigical practice will 
continue to improve, and the hoards will pla}'^ an even more important role 
as the custodians of general and special suigical training 

As long as medicine and surgery are further sepaiated, they are unfor- 
tunately apt to become further distorted, for as Buckle has said, “The phil- 
osophy of any subject (that is the truth of it) is not at its centei, but on the 
periphery where it impinges on all the other sciences ” Surgei}’-, as part of 
medicine, must, theiefoie, inci easingl}’^ diaw closer to the essential principles 
of medicine Surger}'' and its specialties are not in need of new mandates — 
these are clear Then function is to provide the best possible care for patients, 
to add to the knowledge of the field, and to tram young men, not alone in the 
handicraft of the surgeon or the surgical specialist but m the bioadest aspects 
of disease 

The advancement of existing knowledge and the cieation of new' knowledge 
lies in research I am convinced that the men interested in the development 
of surgical laboratories, and w'orking m them, should maintain an intimate 
contact with clinical suigery These laboi atones aie in leality laboratoiies of 
expel imental physiology and pathology as applied to suigeiy The 3'oung 
men working m these laboratories may be concerned wnth w'ork of a funda- 
mental nature or of immediate clinical importance It leally makes little 
difference foi it is difficult at times to define w'hat is and wdiat is not funda- 
mental research The impoitant thing is that such tiaining will bioaden the 
education of the voung men engaged in it, for it will interest them in the 
larger aspects of disease It will make them more critical , and it probably 
will enhance their eventual specialties, foi they will be moie apt to investigate 
those conditions in which they may become particulaily mteiested The 
future of the science of surgery is dependent upon such activities 

From the reseaiches on nutrition of the early Geiman ph} siologists and 
physiologic chemists to the present seems a long time, but there has occuired 
an orderly development in our knowledge of this subject which has been, of 
incalculable value to surgeons and their patients Starling demonstiated the 
importance of the plasma protein in keeping fluids in blood vessels and in 
their return to vessels once they have escaped The leseaiches of Geoige 
Whipple and his associates piovided fundamental observations on the regen- 
eration of plasma protein under a w'lde variety of circumstances William 
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Rose and Ins co-\voikeis gave us new insight into the essential charactei of 
vaijons annno acids in giovtii And fiom these and niaity othei fundamental 
studies has come neu insight into tiie pioblems which many surgical patients 
pi esent 

The impoitance of edema m conditioning lespiiatoiy complications after 
anesthesia and opeiation, the i elation between hypoproteinemia and the 
inabiht} of new gastiomtestmal stomata to function, the part played by 
protein undernutiitioii and a vitamin C deficiency in the failure of incised 
wounds or decubitus ulceis to heal aie now geneially accepted But protein 
uudernuti ilioii may lesult in faulty callus foiniation after fractuies, and a 
siniilai circumstance nia} letaid legeneiation in an oigan, such as the liver, 
which, even under only model ately favoiable circumstances, possesses an 
inesistible urge to regeneiate It is inoie than probable that the tw'o biologic 
factors assisting m the contiol of infection aie dependent upon the nutritional 
state of the patient 

In this field, as m man) othei s, suigery has diawn heavily upon the fun- 
damental reseat dies of man} iinestigatois in maii}^ fields of activity, but 
surgeons ha^ e made and ai e continuing to make conti ibutions to oui knowdedge 
of nutrition Robeit Elman, in fact, was the fiist to become inteiested in the 
parenteral administration of piotein deiivatives, and he has stimulated an 
untold amount of w ork in this field 

The surgeons of the futuie will not toleiate the divoice of the hand from 
the brain, and the surgery of the future wall not again be merely a handicraft 
The surgical specialties dependent upon their productiveness will continue to 
multiply, but they may from time to time as Haiwey Cushing prophesied 
“Come back to the mother tree foi further suckling ” In the surgery of the 
future the individualist will be left by the roadside, for aftei all surgeiy is 
part of that broader field of experimental pathology to which all the medical 
sciences belong 

3400 Spruce Si 
Phila 4, Pa 
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UTERINE ANOMALY DUPLICATION OF UTERUS, 

THREE TUBES AND THREE OVARIES 
Report of a Case 
W. N. RowiiEY, M.D. 

Huntington, W Va 

FROM THE ROWLEY CLINIC HOSPITAL, HUNTINGTON, WEST VIRGINIA 

CoNGENiiAL ANOMALIES o£ tlic utcrus are the subject of considerable 
interest from an anatomic standpoint These anomalies frequently produce 
serious obstetric complications as well as surgical complications 

An unusual case of anatomic anomaly of the reproductive organs warrants 
reporting because of failure to find any like case described in the literature 
A search through the literatuie did not reveal any description of a case of 
this type Curtis’ Monogiaph on Gynecology and ObsteUics, Davis’ Mono- 
graph on Gynecology and Obstetnes, as well as De Lee’s textbook, do not 
describe a case of this tj'pe In a personal communication from Dr J C Mas- 
son of the Mayo Clinic, he stated that he had not heard of a similar case 
In reviewing the classifications of malformations of the uterus, particularly 
Jarcho’s special article on the subject, it would seem that the uterus didelphys 
would be the classification in which to place such a case However, this par- 
ticular case does not conform to the usual description, but rather falls under 
one of the three differentiations suggested by Chian 

(1) Ovaria accessoria small split off ovarian and tubal fragments 
representing small appendages 

(2) Ovaria bi/or pluripartita division process of the original ovarian 
anlage, only two tubes 

(3) True excess formation of the ovaries (extremely rare) with 
formation of corresponding supernumerary tubes 

The third classification of Chian comes as near to the proper one for this 
case as I am able to find in the literature 

The obstetrical history in this case occurred many years before the patient 
came to operation, and has no bearing on the present condition 

The incident of hematometra in one side in these cases is rather common 
and IS often the cause of surgical interference In this case, hematometra 
occurred in a menopausal woman three years after the last menstrual period 

CASE HISTOEY 

The patient is a white female, 54 years of age, who was first seen October 
II, 1946 She had been married 33 years She was brought into the hospital 
by ambulance as an emergency because of severe pain m the lower right 
quadrant and pressure pain of the rectum The pain had been severe for the 
past three or four days The primary cause for emergency admission was a 
sudden rising of temperature without chill 
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Physical Examination The positive findings of a general physical exam- 
ination were those of temperature of loi 4, pulse rate of 140, systolic blood 
pressure of 180, diastolic blood pressure of no, rough aortic and pulmonic 
second sounds, occasional extrasystole, moderate cardiac hypertrophy Abdom- 
inal examination vas negative except for pain on palpation of the lower right 
quadrant Pelvic examination disclosed that the vaginal vault was occluded 



Fig I — Diagrammatic drawing from the fresh specimen view from 
the anterior surface A Ovarian vessels of the left ovary of the left uterus , 

A' Ovarian vessels to the ovaries of the right uterus , B Left round ligament 
of the left uterus , B' Round ligament attached to the right side of the right 
uterus , C Ovary of the left uterus , C' Ovaries of the right uterus , D Left 
tube of the left uterus , X The fundal stump of a tube arising on the right 
side of the left uterus, this structure having been previously removed accord- 
ing to the clinical history ; D' Tubes of the right uterus , E Body of the left 
uterus, E' Blood-filled cavity of the right uterus, F Pedunculated fibroids 
on the left uterus , G Vagina 

in the fornix except for a narrow slit m the left vaginal wall which would not 
admit the examining finger. A soft fluctuant mass was found deep m the 
pelvis on the right side, extending downward below the level of the cervix 
on the right side and bulging laterally to occlude the vaginal fornix There 
was a hard nodular mass to be felt on the left side which was believed to be a 
uterus with fibroids The fluctuant mass on the right was believed to be either 
a uterine cavity full of fluid or a ligamentous ovarian cyst On speculum 
examination the cervix could not be seen but a large bulging mass could be 
seen in the upper vault of the vagina, excluding the entire fornix except for a 
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small slit on the left side between the left vaginal wall and the bulging surface 
of the right vaginal \vall Thiough this opening a small prolie could be passed 
and a hard nodular structure w'as felt which was assumed to be a small cervix 
The history of past attacks was as follows 

Menstruation began at the age of 13 and was markedly irregular from the 
onset to the sixteenth 3'ear of age, with severe headaches attending each period 
At the age of 16 she had her fiist attack of low’er right abdominal pain She 
also had a pam low' m the rectal legion This is the same type of painful dis- 
tress that she complained of upon admission She w-as operated upon at the 
age of 16 for w'hat was presumed to be appendicitis The operation was per- 
formed m a small mining hospital, and there are no records obtainable So fai 
as the patient can recall, the appendix was removed and she was told there was 
a small tumor remo\ed which was called a fibroid, and that one ovary was 
also removed A\ith an adjoining tube After recovering from this operation 
her menstiual periods became regular, occurring evei j 2S claj s and lasting from 
three to four days This regulaiity continued until the age of 31 at w'hich 
time, though the menstrual periods occurred rcgularlj, she had a recurrent 
attack of pelvic distress and was again operated upon An exploratorj' oper- 
ation at that time revealed a piegnancy m w'hat was described to her as one 
uterus, and also revealed a tumor mass on the right side, also the presence 
of a fibroid grow'ing fiom the uteius on the left side The fibroid tumor w'as 
removed at this opeiation No other procedure w'as done so far as the patient 
can recall This opeiative lecord is also unobtainable However, she w'as told 
that she was pregnant , and seven days postoperative she expelled a fetus w Inch 
was said to be of five months’ gestation, and which could be identified as a 
male Follow'ing this second operation her periods were legular and for 
several years she had no distress Prior to her menopausal change her periods 
were associated with seveie headache Periods stopped abruptly at the age 
of 51, approximately three years before she w'as examined at this clinic 

On further questioning after the operation, the patient stated that one of 
the doctors who operated on her the first time told hei she had four ovaiies 
and four tubes This statement is borne out by 0111 subsequent findings 

In addition to her pelvic history, patient gave a history of food dyscrasia, 
particularly with fats, associated with gas and belching, indicating some 
gallbladder disturbance 

Laboratory findings on admission were as follows 

Blood count showed a hemoglobin of 84 per cent, 4,370,000 red cells, 
8,300 white cells, y6 polys, 8 stabs and 24 lymphs Clotting time w'as 12 
minutes The non-protein nitrogen content was 40 mgm per 100 cc of blood 
The Kahn and Mazzini w'ere both negative Voided specimen w'as cloudy, 
pH was 6, specific gravity i 005, albumin I on the basis of IV, and there w'as 
no sugar 

At the time of admission to the hospital the patient’s condition w'as acute 
The low pelvic pam which had been present for several days had become 
severe and was constant in character It was decided that exploratory surgery 
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was advisable She was therefoie operated Octobei 12, 1946, with a tentative 
diagnosis of pelvic mass on the right side which could eithei be a uterus with 
letained menses 01 an intei ligamentous ovarian cyst , and fibroids of the uterus 
Also, malformation of the pelvic organs 

Opeiahve Pioceduie Through a midline incision excising the old scar the 
abdomen was opened and after proceeding with the dissection of adhesions 
and freeing the pelvic 01 gans from the bowel and omentum the following ana- 
tomical stiuctuies could be identified there was a uterus on the left contain- 
ing fibioids There was an ovaiy far to the left, normal m appearance, and a 
chronic infected tube properly located On the light side of this uterus there 
was a small nodulai mass that appeared to be the site of a previously existing 
tube w'hich had been lemoved Many adhesions of the omentum were dis- 
sected from this area Theie could be no ovary identified lateial to the fundus 
of the uterus containing fibioids About the midline a cystic ovary could be 
identified and follow mg the tube tow^ard its attachment w^e found a large mass 
— the fluctuant soft mass felt on examination The tube entered this mass 
and anterior to the tube a louiid ligament w^as identified This w^as the right 
uterus The cavity of this uteius was full of browm mateiial wdiich was 
retained menses Theie w'as also a round ligament identified from the left 
uterus and fiom its fundal insertion it could be traced to the left inguinal 
insertion On freeing the right uterus as a fluctuant mass another ovary and 
tube w^ere found attached in the proper relations w^hich had hitherto been 
hidden because of then position deep in the cul de sac General abdominal 
exploiation revealed fiddle-stung adhesions between the diaphragm and the 
liver which suggested the possibility of Neisserian infection at a previous time 
The gallbladder w as bound in a mass of fat and omentum w^hich was adhered 
to the liver edge No stones could be palpated The head of the cecum was 
bound dow n in such a mass of adhesions that it was deemed best not to disturb 
it to try and determine w^hether or not the appendix had been previously 
removed On removing the pelvic structures an ovaiian vessel was identified 
supplying blood to the left ovary of the left uterus We were unable to identify 
a separate vessel wdiich might have supplied the right ovary of the left uterus 
There were two distinct ovarian vessel groups supplying each of the two 
ovaries of the right uterus These were separated by a distance of one and 
one-half inch They w^ere separately ligated The ureter on the right side 
could not be identified The ureter on the left side was identified It was 
necessary to remove the left uterus and open the vaginal vault on the left side 
to approach and remove the very low-lying right uterus A pan-hysterectomy 
w^as done, metaphen sponge w^as placed in the vagina, the vaginal mucous 
membrane was closed by opposing the mucous membrane with interrupted i 
chromic sutures placed in the muscularis The cardinal ligaments were 
sutured to the cenncal stump on either side, uterosacrals were caught in a 
circular suture w^hich contained each uterosacral ligament, the two round 
ligaments which were identified, and the stump of the cervix There was a 
very large dead space left on the right side w'hich was dry when the peri- 
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toneum was closed It was possible to find sufficient peritoneum to cover 
all the raw surfaces The abdomen was closed without drainage 

On examining the pathologic specimen postoperatively from a surgical 
standpoint, it appeared that there was a uterus on the left side with an 
attached tube and ovary and a round ligament attachment There w'as a large 
fibroid in the fundus of the uterus and a large fibroid in the region of the 
cervix and three small pedunculated fibroids on the outside of the uterus 
posteriorly There was an area on the right side of the left uterus ■which 
appeared like the site of a tube that had been attached at sometime The 
uterus on the right side was thin-walled , there was a large cavity containing 
a thick brownish-green material which was retained menstruum This uterus 
had a tube and ovar)^ on the right horn and a tube and ovary on the left horn 
The cervix of the right uterus was completely closed at the internal os There 
was a continuous fibrous band from the internal os downward about one inch 
The cervix of the left uterus had a very fine narrow canal which would open 
into the vagina We therefore had a specimen consisting of three ovaries, 
three tubes and tw'o uteri 

The report of the pathologist is as follows 

“Congenital malformation of the reproductive organs Two uteri, one with 
tw^o tubes and two ovaries , the other W'lth one tube and one ovary , 

Multiple fibromyomata, subserous and intramural, of one uterus. 
Atrophic ovaries attached to the myomatous uterus , 

Hematometrium and wall atrophy of the second uterus , 

Hematosalpinx and endometrioma of the ovary attached to the second 
uterus , 

Massive old adhesions around the second uterus, tube and ovar)^ ” 

The pathology was reported by Dr Seigfried Werthammer, Huntington, 
West Virginia 
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THE SELECTION OF PATIENTS FOR THOIUGOLUMBAR 

SYMPATHECTOMY 

Description of a Set of Rules for the Ehmination of Failures and Fatahties 

J. William Hinton, M.D„ and Jere W. Lord, Jr., M.D. 

Ne^\ Yohk, N Y 

In a scries of 375 patients undei going thoiacolumbar sympathectomy 
we have had 38 fatalities either m the hospital or within 6 months of the 
operation In an attempt to avoid future deaths we have analyzed the status 
of this group of 38 patients and also that of the remaining 337 patients and 
have arrived inductively at a set of lules which would eliminate all but 2 5 
per cent of the mortality The figure 2 5 per cent is reasonably low m view 
of the fact that each patient undergoes two major operative procedures and 
m this group of patients, many are recognized as poor risks 

Following the lead of Keith, Wagener and Barker^ who graded the eye- 
grounds of hypertensive patients from o to 4 plus we have utilized a similar 
method of grading the cerebral, cardiac and renal status of each patient In 
order to do this satisfactorily one needs in addition to a careful history and 
physical examination the following studies fundal examination, electro- 
cardiography, SIX foot heart plate, a concentration test (pitressin or Mosen- 
thal), urea clearance, blood urea nitrogen, non-protem nitrogen, creatinine and 
urinalysis Intravenous urography was applied routinely in the work-up of 
the first 150 patients until one death and two marked reactions associated with 
the injection of the dye caused us to abandon it unless there was a significant 
indication for its use A complete blood count, sodium amytal test (nine gr 
divided into three hourly doses) and a basal metabolism are desirable but 
not emphasized in evaluating the patient’s status for sympathectomy A high 
basal metabolic rate associated with the hypertension makes one suspicious of 
a pheochromocytoma 2 The sodium amytal test is a good indication of the 
probable postoperative blood pressure result but is not absolutely accurate as 
a prognosticator in any given case ^ The Etamon test (tetraethylammonium 
chloride) has been studied by Dr C A Poindexter and Doctor Tamagna 
and correlated with the sodium amytal test in more than 30 patients In 
approximately 75 per cent of the patients the two tests were correlated 
exactly, while in the remaining 25 per cent there was a variation in the 
Etamon test in both directions from the sodium amytal test No post- 
operative evaluation of its possible prognostic usefulness has been made 
In Table I we have outlined the definitions which serve to evaluate the 
degree of damage present in each of the four important organs, brain, eye, 
heart and kidney, as a result of the hypertensive state In Table II a group of 
rules are set forth for the selection of patients based on the definitions as 
described 
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In the pieopeiative evaluation of the status of an oigan problems such 
as the following may aiise the renal concenti ation test may be only 1,013 
whereas the uiea cleaiance ma}' be 85 per cent of noimal In that case we have 
one test placing the kidney in a thiee plus category and the othei in a one 


Tadil I — Definitions 


In general in njo system 

0 Norm'll 

1 +SIieht or mild clnnges 

2 +Moderate chuigcs 

3 d-Moderate changes 

4 -f Adv meed or marked changes 
Cerebral 

0 No symptoms or signs 

1 +Ileadaclies and/or di/7iness iiid nervousness 

2 +Above phis nosebleeds and/or occirntal headaches 

3 +Abo\e plus p iresthesias 

4 +Stroke or encepli ilop itliy or confusion 

Eyes 

0 Normal 

1 +ArterioIar narrowing 

2 +Abo\e and arterio venous nicking 

3 + Above plus hemorrhages md C'cnd ites 

4 +Above phis papilledema 
Cardiac 

0 No symptoms or signs 

1 +Shght symptoms and/or slight cardiac ent irgemcnt and slight C K G changes 

2 +Moderate symptoms and/or moderate \ ray enlargement ind moderate E K G changes 

3 +Marked symptoms and/or marked enlargement and marked E K G changes 

4 +Coronary occlusion or congestive heart failure 
Renal 

0 Normal 

1 -d-Nocturia but concentration 1 024 or more and urea clearance 73% or more 

2 +Urea clearance 40-75% concentration I 015-1 023 

3 +Urea clearance less than 40% concentrate less thin 1 015 normal blood chemistry 

4 -fPcrsistent elevation of N P N to 45 mgms or more md B U N to 25 mgms or more 


Table II — Rules 


A Contraindications lo thoracolnmha) sympathectomy 

1 4 +Renal 

2 4+Cardiac m which congestive heart failure is unremitting or if coronary occlusion is within 3 
months 

3 4 d-Cerebral if confusion exists or if a stroke within 3 months 

4 If there are two 4 + other than eyes 

5 If total count equals 11 or more pluses 
B Indications for thoracolumbar sympathectomy 

1 All cases are operable in which there is no contraindication rule 

2 From the viewpoint of minimal involvement Operation is probably advisable in patients with 
persistent hypertension associated with definite tliough minimal objective changes m any one of 

' the four systems 


plus We, theiefore, have averaged the two and considered the degree of 
damage as two plus Similarly a patient may have excellent cardiac function, 
le , no dyspnea or angina m climbing three flights of steps and yet the elec- 
trocardiogram and chest plate may show moderate (two plus) changes It is 
a matter of judgment whether the patient should be classified as a two plus 
or a one plus cardiac 
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A system such as this one, not based on mathematical data, must be inter- 
preted in the light of clinical judgment, and implies that the surgeon oper- 
ating on these patients has had moderate experience with the technic of 
thoracolumbar sympathectomy The rules have aided us considerably, how- 
ever, since their formulation and may be of help to internists and surgeons 
interested m the surgical tieatment of hypei tension 

A few comments on special aspects of the problem of selecting patients 
for surgical therapy should be added 

1 Generalized arteiiosclerosis of a significant degree is a bad sign and 
should exclude a case of borderline acceptability 

2 Age is not a factoi in selection In our patients 50 yeais or older (two 
m the sixties) the same peicentage of worthwhile results {i e , 67 per cent) 
was noted as in the entire group operated upon ^ 

If, in this series of 375 patients, the contraindication rules outlined had 
been applied, then 25 patients who have done well would have been refused 
operation Among the remaining 350 patients there were 38 deaths either 
in the hospital or within six months post-operatively, 30 of these would have 
been eliminated by the rules outlined in this paper, leaving eight deaths in a 
total of 320 patients, a mortality of 2 5 per cent 

The problem of determining which of the 312 patients, who were within 
the limits of the contraindication rules and vho lived through the operative 
procedures, would derive excellent results and which ones would derive only 
fair results or no benefit, is a most difficult one Smithwick has emphasized 
that females Type i (narrow) pulse pressure obtain the best results and that 
males with Type 3 (wide) pulse pressure do poorly We have seen many 
exceptions to this rule and as yet have found no system which will work in 
the majority of the cases Therefore at present we adhere to the policy of 
advising an extensive thoracolumbar sympathectomy on all patients who 
have a sustained hypertension, unresponsive to the usual medical management 
including the nee diet, and who have definite though mild objective changes 
m one or more of the four major organs discussed above 

It should be emphasized again that the set of rules discussed in this papei 
IS not a substitute for clinical judgment and individual consideration of each 
patient but rather selves as a useful adjunct and as a woikmg basis for the 
elimination of poor risk cases 

SUMMARY 

On the basis of an experience with 375 hypertensive patients undergoing 
thoracolumbai sympathectomy we have arrived inductively at a set of rules 
which would have eliminated 30 of the 38 deaths which occurred in this series 
either m the hospital or within six months postoperatively A discussion of 
the rules and the definitions on which they are based has been given 
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CONSTRICTIVE PERICARDITIS WITH TUBERCULOUS INTRA- 
PERICARDIAL ABSCESS TREATED BY STREPTOMYCIN’^ 

Report of a Case 

Julian A. Moore, M.D 

Ashevii-le, N. C 
AND 

James D. Murphy, M D. 

Oteex, N C 

FROM THE DEPARTMENT OF SURGERA, U S VETERANS HOSPITAL, OTEEN, N C 

The role of tubercle bacillus as a causative agent for constrictive 
pericarditis is recognized by recent investigators ^ Pleural effusion, a 
common finding in patients with constrictive pericarditis, is thought to be part 
of a polyserositis rather than a sequela of the constrictive pericarditis ^ 

Sellers^ reports that pockets of fluid or inspissated debris are often present 
in the pericardium A survey of the available literature, however, reveals 
no report of a definite intrapericardial abscess from which acid-fast organisms 
were recovered, accompanying the constrictive process No cases have been 
reported in w'hich streptomycin w^as used either pre- or postoperatively 

Our case of constrictive pericardial involvement followed the typical course 
wuth bilateral pleural effusion and pericardial effusion followed by slowly 
developing signs of venous obstruction At operation a constrictive pericarditis 
with an intrapericardial abscess w'as found After pei icardectomy strepto- 
mycin therapy was administered and the patient recovered without a draining 
sinus in spite of the proven presence of tubercle bacillus m the intraperi- 
cardial pus 

CASE HISTORY 

L S , a 20 year old Negro male, was admitted to the Veterans Administration 
Hospital at Oteen, North Carolina, on September 9, 1944 He was inducted in December, 
1941 In December, 1943, while in England, he had what was termed atypical pneumonia 
and was off duty for a period of six weeks Roentgen-ray at this time was said to have 
shown a normal heart shadow Six weeks later, in May, 1944, he became ill with chest 
pain, cough, shortness of breath and fever Roentgen-ray examination in an Army 
hospital revealed an enlarged cardiac shadow The tentative diagnosis at this time was 
pericarditis, probably of rheumatic origin Soon after admission the pericardium was 
tapped and 80 cc of straw-colored fluid was obtained Cultures of this fluid ivere 
negative for acid-fast and pyogenic organisms Fever, however, persisted He stated that 
fluid was removed subsequently, twice from the pericardium and once from the left 
pleural cavity In July, 1944 he was returned to a United States Army Hospital where 
he was found to have a residual left pleural effusion and a recent effusion on the right 

* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the authors 
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A right thoracentesis, however, was unprocluctn e IIis temperature ranged up to I04°F 
and he was kept on saliej lates Tlie sputum was repeatedly negatii e for tubercle bacillus, 
but the tuberculin test evas stiongly positive He was then transferred to the Oteen 
Hospital where a diagnosis of polyserositis with a pericarditis was made The temper- 
ature ranged from 99 to 101° F from September 9, 1944. to Januarj 9, 1945. when it 
approached normal and remained' there with occasional minor elevations 

During his entire period at Oteen, numerous concentrated sputum studies were 
negative for tubercle bacilli, as were cultures and guinea pig inoculation made from 
concentrated sputum and from gastric washings On admission, fluid was present m both 
right and left pleural cavities which, when removed by thoracentesis, proved to be 
negative for tubercle bacilli and anj other organisms The urine showed a trace of 
albumin on numerous occasions, with an occasional white blood cell and occasional gran- 
ular casts The liver was enlarged two fiiigcrbrcaths below the costal margin There 
was moderate ascites Abdominal paracentesis on September 12, 1944, jieldcd 80 cc of 
straw-colored fluid which was negative on culture for anj pathological organisms 
Dyspnea became progressive!} more severe Edema of the ankles was present Roentgen- 
ray showed that the borders of the heart were obscured bj fluid collection, but the heart 
shadow was considered widened Bj Februarj 28, 1946, the heart was reported to be 
globular in type and not undulj enlarged On June 5, 1946, the roentgenologist reported 
the heart to be normal in size, although it was displaced a little to the right There was 
obliteration of the costophrenic angle bilaterally due to the residuals of pleuritis 

The venous pressure on July 2, 1945, was 160 mm of water The circulation time 
was 13 seconds from arm to tongue By June 5, 1046, the venous pressure had risen to 
240 mm and with pressure over the liver was elevated to 270 mm Circulation time, 
however, was only ii seconds There was marked dilatation of the veins of the neck 
and upper chest A diagnosis of constrictive pericarditis was made and a pericardectomy 
performed June 6, 1946 The pericardium was thick and adherent but a line of cleavage 
was rather easily identified and the pericardium removed b\ blunt and sharp dissection, 
beginning with the left ventricle In the upper lateral and posterior portions of the peri- 
cardium covering the left ventricle was a dense area of adhesions which, when separated 
by sharp dissection, opened into a pocket containing approximatclv three ounces of thick, 
creamy pus This pus was sent to the laboratory and was positiv e on smear for acid-fast 
bacilli The excision of the peiicardium was then carried over to the right ventricle 
Follovvmg the excision of the pericardium the cardiac impulse seemed to be greatly 
improved One gram of streptomycin was dissolved m saline and was instilled into the 
remains of the peneaidial sac The wound was closed tightly without drainage 

The pathologist reported the pericardium to be 0 5 cm in thickness Microsection 
revealed thickened and hyalinized strands of connective tissue with attached granulation 
tissue consisting of large and small mononuclear cells, red cells, fibroblasts and new 
formed vessels A pathologic diagnosis of chronic granuloma was made 

The pathologic reports in this case tend to explain the confusion which is apparent 
in the literature as to the role of tuberculosis in the etiology of eonstnctiv e pericarditis 
Here we had definite proof of the presence of acid-fast bacilli in the pus obtained from 
the intrapericadial abscess klicroscopic examination of the tissue, however, did not 
give a elear-cut picture of tuberculosis and the pathologist was unable to make a diagnosis 
other than chronic granuloma 

The day following the operation the venous pressure which had been 240 mm of 
water preoperatively was found to be 132 mm Circulation time was 13 seconds The 
venous pressure gradually rose, however, until on August 10, 1946, it had again reached 
220 mm Circulation time was 16 seconds at that time Following the operation, strepto- 
mycin, 2 grams daily, was given until July 22, 1946 There was a small amount of 
drainage of a serosanguineous nature for about one month after the operation but all 
dressings were discarded on July 3, 1946, and the wound remained dry Clinically the 
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patient improved markcdl}' and was discharged from the hospital on Novembei 7, 1946, 
without ankle edema 

On luly 10 , 1947 thiitccn months aftei the pencaidectomy, the patient stated in 
a letter that he was not shoit of breath and could walk ten blocks without difficulty He 
reported that his ankles were not swollen and that his abdomen was not enlarged If he 
climbed a flight of stairs at a lapid rate, however, he became short of breath Circula- 
tion time and venous pressure studies were not available at this time 
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“FUNCTIONAL” SUBCLAVIAN ARTERIAL MURMUR 
POSSIBLE RELATION TO SCALENUS. ANTICUS SYNDROME, 
COSTOCLAVICULAR COMPRESSION, 

OR THE NEUROVASCULAR SYNDROME OF WRIGHT 

R Bernard Pomerantz, M D 
San Antonio, Texas 

The purpose or this paper is to present cases of apparently normal 
individuals in whom \\as found, on routine pre- and i e-employment examina- 
tion, a group of signs — and no symptoms — referable to the subclavian aitery 
of one or both sides, and to speculate, in the light of ceitain findings, (pai- 
ticularly the evidences of arterial obstruction), on the possible origin and 
significance of these signs 

INTRODUCTION 

Consulting standard texts on physical diagnosis, the following comments 
are found “Constriction of larger vessels will produce murmurs An example 
IS the systolic murmur sometimes heard a short distance below tbe cla\icle 
due to the narrowing of the subclavian in some part of its course’,^ “In 
coarctation of the aorta, there is a soft systolic murmur ovei the innominate, 
carotid and subclavian arteries This murmur is often heard at the angle of 
the left scapula”,^ and “Subclavian (functional) murmurs, heard best in 
inspiration, are most common in men and are modified by position of the arm 
Subclavian murmurs possess no pathologic significance, they are generalh 
due to constriction of the artery between the clavicle and first rib, although 
may be fibroid disease of the pleura Landis found of 31 cases 
20 associated with pulmonary tuberculosis The fact that it is heard more 
on the left suggests anatomical variation Perusal of the Index Med- 
icus for the years 1940 through 1945 under the titles “arteries,” “murmurs” 
(nothing listed), “muscles, scalene,” and “pulse” reveal nothing by title that 
might bear directly on the explanation of the munn'fer in question References 
to the signs of subclavian or axillaiy arterial obstiuction are cited as they 
apply to the discussion (v 1 ) 

CLINICAL MATERIAL 

These patients, representing 21 of 2619 applicants for position, or o 8 
per cent, came to attention solely because of a systolic murmur over the sub- 
clavian artery (or arteries) which was discovered incidental to the routine 
examination of the chest The first ii of this group were passed ovei with 
no special examination, the condition being assigned in the examiner’s mind 
to the class of functional murmurs (see Table I) Later, however, more 
detailed examination of ten persons was performed with the results that will 
be brought out later in this communication 

Twenty of the 21 persons were females (ratio of total females to males 
was only 7 i), the average age was 21 years, and the murmur predominated 
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on the left, appearing on that side alone 1 1 times, on the right side alone only 
once, bilaterally five times, and in four cases the laterality was not noted The 
personnel examined was entirely of Mexican extraction, approximately two 
thirds of whom weie born m the United States As far as could be detei mined, 
the cases demonstrating a murmur had nothing m common m their past 
histones, and as usual in this age group, were generally negative on physical 
examination Exceptions to this are noted m full Special care was taken to 
determine that this was not in any case an “undergiound” murmur from a 
valvular heait disease and no patient had signs oi symptoms suggestive of 
heart disease A routine Mazzini test ^^as negative in all cases, a routine 




Tabie 

I— 11 

Cases 

No details as to B P 




Side of Murmur 


Name 

Age 

Sex 

Right 

Left 

RemarLs 

EG 

20 

F 

* 


Fluoroscopy negative 

AG 

21 

F 

♦ 


Fluoroscopy negative 

ME 

18 

F 

X 

X 

Fluoroscopy negative 

SM 

23 

F 


X 

Fluoroscopy negative 

RG 

20 

F 


X 

Fluoroscopy negative 

ME 

19 

F 

X 


Fluoroscopy negative Present on inspiration only 

MGP 

38 

M 


X 

Fluor Undiagnosed pulsation of abnormal 






amplitude, left border of heart above 
ventricle — ? No cardiac murmur 

VD 

21 

F 


X 

Fluoroscopy negative 

FT 


F 

♦ 


Fluoroscopy negative 

TT 


F 


X 

Fluoroscopy negative 

MBV 


F 

♦ 


Murmur on inspiration only 

Average 10 F 




11 

22 5 

1 M 

2 

6 



* Presence of murmur recorded, but laterality not noted 

Roentgen-ray and/or fluoroscopy of the chest was negative in all except one 
This worker, Case 3, has had apical tuberculosis, minimal, and now inactive , 
this finding is of four and one-half years duration at the time of this writing 
and the patient has been asymptomatic during that period, maintaining nor- 
mal weight and working eight hours per day at a moving belt It will be noted 
that this one case of tuberculosis is on the side opposite that of the murmur 
The incidence of active tuberculosis in the total group of employees examined 
was I 2 per cent, but another 2 per cent are under periodic surveillance as 
“suspicious” cases and probably represent healed lesions This incidence of 
relation of the murmur to tuberculosis is insignificant compared to the repie- 
sentation, above cited, by Landis 

It IS important to add that, although no symptoms were presented, neui 0- 
logic examination was nevertheless done in all cases (r e , pm prick and 
cotton), and no instance of cervical plexus interruption was found 

DESCRIPTION OF THE MURMUR 

The murmur itself, as may be correctly inferred from the fact that it was 
found on a brief routine examination, was constant for the individual, fairly 
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loud and definite It would not always have been heaid w'eie it not loutine 
w'lth the examinei to have the patient place the hands on the hips for the 
auscultation of the axillae, because the murnnii is sometimes heard only on 
elevation occurring wuth this position On other occasions the murmur w'as 
heard in the relaxed sitting position, hut not heard in the recumbent position 
When heard in the relaxed sitting position, or in the hands-on-hips position, 
the muimui w'as always accentuated by dee]) inspiiation or giadual abduction 
of the arm The gieatei the abduction, the loudei the miiimui, up to abduc- 
tion of 135 to 150 degiees (Nos i, 2, 5, 7, 9, and 10 — sec Table II), A\hen 
the murmui disappeared altogether because blood flow to the aim as ascer- 
tained by ladial pulse and blood pressuie* had been obliterated In four cases 
(Nos 2, 3, 7, and 9), the muimur had been beard fiom foui to six years 
previous to its more detailed investigation These patients had neither 
developed symptoms nor demonstrated any appieciable change in the nature 
of the muimur 

The accentuation of the muinnii upon elevation of the aim, suggested 
the peiformance of a group of somewhat unoithodox tests to siippl} informa- 
tion foi functional analysis With the patient seated, blood pressuie was taken 
in one arm, at first relaxed and then A'oluntaiily elevated aboAe the head *0 
180 degiees abduction 7 'his was then repeated on the opposite side Follow- 
ing these readings, a blood pressure w'as taken on one thigh using the popliteal 
artery as the point of auscultation (This latter deteimination was made to 
further exclude in an objective manner possible cases of coarctation, and in 
no case was the blood pressuie 111 the lower extiemities lower than that of 
the upper) Now', in order to correlate the vaiious leadings foi easy inter- 
pretation, a mean blood pressure w’as calculated foi each arm, a\eraging the 
systolic readings relaxed ("down" in the chait) w'ltli that in extieme abduc- 
tion ("up" in the chart) and similarly for the diastolic "dow’ii" and “up " By 
comparing these figures for the affected and unaffected sides, probably the 
most information concerning the blood flow to the arm is obtained — (Table 
II) Also, pulse pressuie diffeience ("P P D ”) betw'een the aim at rest 
and elevated w'as calculated for each side The figuies lesulting fiom this 
calculation are less informative because, although an affected side may have 
had a lower mean blood pressure, the pulse pressure diffeience may actually 
appear to be less in the affected arm by leason of the fact that some of these 
vessels show'ed a moderate difference in blood pressure w'hen compaiing the 
two at rest The typical cases, which show'ed a maiked fall in pulse pressure 
on elevation of the affected side, did so by reason of the fact that the resting 
blood pressures W'ere the same in both aims, or nearly so, (Cases i, 2, 3, 6, 
7, 8, and 10), the atypical cases with a diffeience in blood piessuies in a 
I esting position show'ed an equal or lesser fall of the P P D of the affected 
side, as compared w ith the normal The bilateral cases can be compai ed onh 

* Palpation of brachial pulses too weak to be propagated to the radnl artery were 
considered a function of the collateral circulation 
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with the noimal sides of unilateial cases Refeience to Table II will show 
that in the presence of bilateial miiimnis, the obsti action to blood flow is not 
usually the same on the two sides, and was geneially gieatei on the left In 


Table II 


(All 0 + 

, or . Blood Pres- 
(remales/ sures — mm Hg 
Side of Right 

Lesion 

Case Mean 


Left 


‘P P D’ t 


Mean 


•Dura 

tion 


No 

Age Rt 

L 

Down Up 

B P 

Down Up 

B P 

Rt Left(yrs) 

Remarks 

1 

17 

X 

X 

120 None 

60 

no 

None 55 

40 

40 

0 

X-ray neg except horizontal and exter- 





— 



— 


— 




nally flared first ribs Murmur on right 





80 


40 

70 


35 




only Both pulses cease on elevation and 
cyanosis of both hands and poor capillary 
return (color) 

2 

20 

X 

X 

140 

105 

122 

122 

98 

no 

15 

8 

6 

Left radial ceases on elevation Fluor 
negative X-ray negative 





7S 

55 

65 

60 

44 

52 





3 

39 


X 

138 

115 

126 

145 

84 

115 

8 

26 

4n 

The rt apex, minimal. Quest activity 





— 

— 


— 

— 





Clinically 0 k 





80 

65 

73 

90 

55 

73 





4 

16 

X 

X 

13S 

None 

63 

105 

70* 

88 

60 

? 

0 

Murmur heard only when head is rotated 





— 



— 

— 





X-ray Pm point calcification left supra 





75 


37 

70 

? 

? 




clavicular fossa 

S 

22 


X 

115 

85 

100 

90 

70 

80 

20 

5 

0 

Murmur on inspiration only X-ray neg 





— 

— 


— 

— 





ative On inspiration no reading m left 





80 

70 

75 

60 

45 

S3 




arm, elevated PPD 35, under these 
circumstances 

6 

26 


X 

128 

90 

109 

128 

75* 

101 

23 

? 

0 

X-ray negative 





75 

60 

68 

70 

? 

? 





7 

22 


X 

110 

70 

90 

no 

0 

55 

20 

40 

4 

No pulse on left, elevated above 135 deg 





70 

SO 

60 

70 


35 





8 

16 

X 

X 

140 

90 

115 

140 

98 

119 

30 

12 

0 

Slight thyroid enlargement but no bruit 





— 

— 

— 

— 

— 





X-ray negative Bilateral murmur sitting 





90 

70 

80 

95 

65 

80 




position only 

9 

26 


X 

125 

85 

105 

90 

0 

45 

30 

20 

5 

Murmur on inspiration only and elevation 





— 

— 

— 

— 






of arm Blanching and tingling of left 





80 

70 

75 

70 


35 




hand and forearm on elevation X-ray 
negative 

10 

16 


X 

115 

90 

103 

Its 

55* 

85 

— S 

? 

0 

No brachial sound on elevation Murmur 





■ 

— 

■ — 

— 

— 





only on elevation left arm Complaint 





80 

50 

65 

80 

? 

? 




tingling of hands on elevation only X-ray 
negative 


t PPD IS the remainder of the pulse pressure of ‘‘Down’ minus the pulse pressure of ‘Up ’ 
Palpatorv No sound heard over brachial No significant oscillation of brachial 


The average fall of pressme on the normal sides were systolic 32 8, diastolic 16 7, 
pulse pressure i6 i On the abnormal sides systolic 667, diastolic 508, pulse pressure 
15 9 PPD, therefore, is significant only when comparing the two sides of a single case 
(All piessurcs aie heic and siibsequenlty expressed in millimeters of mercury ) 
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some cases palpator}' blood pressures were taken to represent the S3'stolic 
pressure when no auscultation was possible over the brachial artery In Cases 
I, 2, and 7 auscultation was possible, but no radial pulse, nevertheless, could 
be found This observation is explicable on the basis of peripheral aitenal 
spasm these patients complained of tingling or coldness on the affected side, 
and demonstrated varying degrees of ischemia of the elevated hand in com- 
parison with the opposite side 


CASE REPORTS 

From the information derived fiom the reports of previous investigators, 
the relation of the constriction of the subclavian-axillary segment to either 
scalenus anticus syndrome, costoclavicular mechanism,'’ or tlie common 
anatomic arrangement of the coracoid process and pectoralis minor muscle 
and their relation to the vessels'* — an attempt was made to pick out those cases 
which fell into each class on the basis of the maneuver which caused the 
obstruction, and in these cases the murmur The following cases were all 
females, and to concur with one of Wright’s statements, most of these indi- 
viduals were not muscular and yet had markedly reduced blood pressures and 
pulse pressures due simply to hyperabduction In six of the patients, the 
peripheral pulses disappeared 

In this series no case w'as observed which was thought to be a scalenus 
syndrome, and only one was thought to derive from costoclavicular compres- 
sion, namely Case i The remainder follow’ed the criteria of the obstruction 
of the artery, in varying degrees, on hyperabduction of the arm and, there- 
fore, fell into the new anatomic classification brought out by Wright m the 
discussion of the neurovascular syndrome 

Case 1 — B T, 17 years, on routine examination was found to have the murmur 
on the right side only, just below the clavicle, but in comparing blood pressures, it was 
noticed that the left arm consistently gave 110/70, or less than that of the side of the 
lesion which was 120/80 On hyperabduction, the brachial and radial pulses disappeared 
bilaterally and there was cyanosis of both hands m a few seconds Roentgen-ra> 
demonstrated markedly flared first ribs, the upper surfaces being almost horizontal 

This was the only case which showed obstruction to the venous m excess 
of the arterial supply (collaterals) — if one is willing to interpret cyanosis 
as indicating this condition 

The relation of obliteration of peripheral pulse to deep inspiration as being 
of costoclavicular mechanism is strongly supported by the findings in the case 
which Schumacher'* operated under the diagnosis of subclavian aneurysm 
Correlation is not conclusive because the author reports that the roentgeno- 
grams were suggestive of, but not definite for, costoclavicular compression 
and makes no note of having moved the arm to a position of hyperabduction 
when the artery was under direct observation The murmur was present in 
the relaxed standing or sitting position, however, just as in this case 

The remainder of the cases were characteristic of the type of obstruction 
due to hyperabduction alone It is my impression that had Wright made 
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routine blood pressure determination on his “normals’' that a definite dififer- 
ence in resting blood pressures (between the two sides) would have been 
detected in some This conclusion is based on the assumption that the follow- 
ing cases are examples of “asymptomatic neurovascular syndrome” — ^foi 
want of a better term — and that some as yet undefined mechanism operates 
to obstruct the artery in these cases even before the exercises m abduction 
are begun This is supported by the presence of the murmur m some cases in 
a relaxed sitting position 

Case 2 . — A M , age 20, bilateral murmur (6 yrs duration) had a difference in 
resting blood pressures (140/75 on the right, 122/60 on the left) demonstrated reduc- 
tions of the blood pressures and pulse pressmes on hyperabduction right 105/55, left 
98/44 The left radial pulse was not palpable on elevation, but the blood pressure was 
obtained repeatedly, and with good oscillation of the mercury column 

Case 3 — R F , age 39, is the patient previously described who had a healed 
minimum tuberculosis of the right apex and in whom a murmur appeared on the left 
only, had resting blood pressures of 138/80 on the right and 145/90 on the left, but 
subsequently showed obstruction of such degree that the right blood pressure fell only 
to 116/65 on hvperabduction whereas the left fell to 84/55 She had no symptoms refer- 
able to the left arm during the known duration of the murmur, which was for 4 5 years 

Case 4 — A B , age 16, murmur present bilaterally but only when head was rotated 
to the corresponding side, suggesting a possible involvement of the scalenus This was 
refuted by the observation that with hvperabduction alone no blood pressure was obtain- 
able m the right arm and a palpable blood pressure of 70 was obtained on the left 
It was also noted, on the left, that although the pulse could be felt in the cubital fossa, 
no oscillation of the mercury column was observed when the cuff was deflated from the 
resting systolic pressure to zero This failure of the mercury column to oscillate was 
present in but 3 of 10 cases 

Case 5 — G A , 22, left murmur appeared on inspiration only There was a differ- 
ence in the resting blood pressures right 115/80, left 90/60 On hyperabduction pres- 
sures fell to right, 85/70, left 70/45 Hyperabduction plus deep inspiration obliterated 
pulse in the left arm The additional affects of inspiration and elevation of the arm 
suggest that the obstruction to this left subclavian artery could well be a combination 
of costoclavicular and coracoid process obstruction 

Case 6 — Z P , age 26, murmur on left only Resting blood piessures right 109/68, 
left 128/75, fUl to right 90/60 and left, no auscultatory point but could palpate pulse at 
75 and again observed the phenomenon of complete lack of oscillation of the mercury 
column 

Case 7 — C H , age 22, murmur on left only Resting blood pressures equal — 
110/70 fell to right 70/50 and neither sound nor pulse could be obtained on the left 
elevated above 130 degree abduction There has been no change in this murmur over a 
period of 4 years 

Case 8 — E H , age 16, had a bilateral murmur in the relaxed sitting position, and 
a slightly enlarged thyroid Question of substernal thyroid or other mass was subse- 
quently ruled out by roentgen-ray examination and the murmurs were not bruits char- 
astenstic of a vascular thyroid Resting blood pressures were right 140/90, left 140/95, 
on hyperabduction these fell to right 90/70, left 98/65 

Case 9 — O F , age 26, left murmur m hands-on-hips position only There was a 
difference in the resting blood pressures’ right 125/80, left 105/75 and on hyperabduction 
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tlie right fell to 85/70 and the left was neither audible nor palpable In addition, the 
patient complained of tingling of the left hand and forearm on h)perabdiiction and the 
left hand was noticed to be pale m contrast with the right 

Case 10 — M AI , age 16, had the mtirnnir in hands-on-hips position onB Resting 
blood pressures w’ere equal— 115/80 On hj perabduction the right was 90/50, on the 
left the phenomenon of brachial pulsation w'lth palpatorv pressure of 55, but without an} 
sound over the brachial and no oscillation of the mercuri column, was observed After 
the few moments required for the determination of the blood pressure, the patient com- 
plained of tingling of the hand in each instance 

DISCUSSION 

By title, implication has been made that this interesting set of circum- 
stances may be due to an asymptomatic form of scalenus obstruction, 01 to 
other compressions of the arteiial tiunk as described by Falconer and Weddell 
and by Wright The suggestion of Landis that the murmur, being predomi- 
nant on the left — if indeed this is the same muimur — is due to anatomic 
variation is well taken What type of variation^ Since none of these cases 
suffered any symptoms, it was not thought justified to trj to explain the 
problem b}’’ surgical attack, only certain rationalizations can be drawn from 
the substance at hand It would appear that if the artery were congenitall) 
smaller at its origin, or intrinsically obstructed for any reason, the murmur 
would be constantly present Furthermore, a muimiir created b\ intrinsic 
obstruction would probably be transmitted into the common carotid , this one 
w'as not It w'as, how ever, heard postei lorJy at the upper border of the scap- 
ula, suggesting Its transmission through the branches of the third portion of 
the subclavian artery It w'ould also seem that fibrous thickening of the dome 
of the pleura cannot be the commonest cause foi the reason that thickening 
of such an extent should be radiographically demonstiable in a gioup of 
young, slender individuals such as these 

Granting that the factor creating the murmur is one of the structures in 
relation to the artery m its extrathoracic course, none of the presently recog- 
nized forms of scalenus compression will explain the progiessive obstruction 
to the artery on elevation of the aim In fact, it is now generally recognized 
that among the measures used for the conservative treatment of the clinical 
syndrome is the maneuver of elevating the arm, usually employed during the 
patient’s sleeping hours Were it conceivable that the subclavian artery tra- 
verses the substance of the scalenus anticus muscle as does an occasional 
variant of the brachial plexus,® then this situation might obtain Anothei 
form of subclavian compiession, costoclavicular in operation,^ w'as discarded 
as a possible explanation (one exception) because the murmur w^as frequently 
heard with the arm at 45 degrees, the phase in w^hich the clavicle is not in 
close approximation to the first rib The authors of this last reference made 
the observation that their cases show^ed a 1 elation of position to obliteration 
of the radial pulse in almost half the cases The differences lietw^een these 
obsen'^ations and mine are first, that the maneuver used w'as backwaid and 
dowmward bracing of the shoulders, and second, the fact that no murmui w'as 
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described, m connection with the changes m pulse, as is described in this com- 
munication It beais out, however, that many peisons have changes m circu- 
lation, differing fiom the accepted normal, which aie not attended by any 
symptoms The human expeiiments of Harpuda and Stein^ suggest that no 
symptoms of ischemia obtain until pressure falls below the usual diastolic 
pressure for the individual Since none of these cases demonstrated this 
degree of obstruction at rest, the absence of symptoms is not surprising 

To demonstiate that cases with cervical ribs were recognized in this senes 
when present, four cases nere observed, all bilateial, an incidence of o 15 per 
cent These cases were all asymptomatic, had neither the muimur nor similar 
changes in blood pressure and pulse 

SUMMARY 

1 An attempt has been made to throw some light on the previously 
described “functional” subclavian aiterial muimur 

2 It has been demonstrated that peisons with this murmur have definite 
obstruction of the subclavian artery, usually related to position but not nec- 
essarily so, and a chai actei istic attitude which causes the compression 

3 In the light of limited clinical material, the pro and con of the relation 
of this murmur to some vaiiant of the scalenus anticus syndrome, costoclavic- 
ular compression, or the broader neurovascular syndiome of Wiight, are 
discussed 
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In civilian practice surgeons are not often called upon to repair 
peiiplieial nerve injuries Such patients as are seen usually have the type 
of injury which produces a minimal gap between the nerve ends that have to 
be sutured Consequently, it is understandable that when a patient vith a 
large nerve defect is presented, the surgeon is apt to be at a loss to answer 
the questions of whether the defect can be overcome and nhat methods must 
be used to accomplish it During vaitime, as happened in the last war, sur- 
geons in large numbers, who had no previous experience, weie called upon 
to do peripheral nerve surgery In most instances, the nerve defects to be 
repaired were formidable ones Unfortunately, these surgeons had no avail- 
able source of detailed information stating the size defects which could be 
repaired successfully nor could they find information on the specific procedures 
to employ in a given instance for overcoming the defect As a result, errors 
were frequently made 

At times nerve injuiies were classed as irreparable, nhen a primar)' 
suture could have been done Probably of equal importance is the fact that 
two-stage procedures nere often used in cases that could have been better 
repaired at a single operation Nerve grafts were performed (with uniform 
failure) on some patients who could have had a primary nen'^e suture with 
relative ease 

Babcock^’ ^ has listed the approximate gaps n Inch can be overcome and 
his table was reproduced by Pollock and Davis ^ Babcock’s figures w^ere admit- 
tedly estimations, and we found these estimations at considerable variance 
wuth our measurements 

It IS our purpose in this paper to present accurate information concerning 
specific defects that can be overcome in all the major peripheral neives of 
the body The extent of the defect will be con elated wnth the type and length 
of incision to be employed m overcoming the defect Secondarily, it is nec- 
essary to discuss the principles that must be followed in any operation in w^hich 
a gap is to be made up between nerve ends By nerve defect (or gap) w^e 
refer to the final defect measured, wuth the extremity extended, between the 
proximal and distal stumps after they have been prepared for suture by exci- 
sion of neuroma from the central end and pseudo-neuroma from the distal 
segment 

During World War II at the neurosurgical center located at Tilton Gen- 
eral Hospital and later at Thomas M England General Hospital, the writers 
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collected information on the defects encountered in 625 peripheral nerve 
sutures performed from April, 1943, to July, 1945 In each instance the defect 
was measured at operation with the extremity extended and the severed nerve 
ends as they were found Then the defect was measured after the two ends 
of the nerve had been completely mobilized throughout the incision, the ends 
prepared for suture by excision of neuroma and pseudo-neuroma, and the 
joints properly positioned A third measurement was the defect that could have 
been oveicome by utilizing complete mobilization and positioning with the 
nerve ends sutuied under tension, this being the maximum possible defect 
11 Inch could be repaired with any given incision The figures stated m the 
accompanying tables are obtained by avei aging the defects which have been 
overcome in many patients and, theiefoie, it should be pointed out that these 
figures may vary fiom one to i 5 centimeters in ceitain instances Theie aie 
several reasons foi this — one is the diffeience m length of extremities and, 
more important, is the fact that the relaxation in the proximal and distal ends 
vanes according to the degree of trauma, the severity of the original infection, 
and the length of time that has elapsed between the injury and the repair 

Nerve defects are overcome by thiee means (i) Mobilization of the prox- 
imal and distal ends of the trunk (2) Positioning of the joints of the extrem- 
ity (usually by flexion) (3) Transposition of the nerve to a new anatomical 
location Mobilization and positioning are the methods most generally used 
to provide the length for bridging a defect It is only m the ulnar nerve that 
transposition is commonly done to gam additional length 

It is our belief that considerable judgment must be used by the surgeon 
in deciding what pioportion of mobilization or positioning is to be used m 
overcoming a defect By mobilization, we mean the complete dissection of the 
proximal and distal nerve trunks from the enveloping tissues through the 
length of the incision This procedure will necessarily interrupt the small 
blood vessels that enter the nerve in its course through this part of the 
extremity Mobilization can be overdone if one makes an excessively long 
dissection of the nerve when the proper degree of positioning of the joints 
would have provided part of the length necessary An equally serious error is 
made by employing extensive positioning of the joints at the expense of 
mobilization Such is apt to result in excessive suture line tension and, when 
the extremity is extended, irreparable intraneural damage to the nerve occurs 
for a considerable distance above and below the point of suture which has a 
profound effect on the amount of recovery that occurs Therefore, it is 
obvious that the proper combination of the two methods must be used m every 
case No hard and fast rule can be given for accomplishing this purpose, but 
the simple realization that the two methods must be employed m their proper 
relation to each other is a fundamental step toward selecting a satisfactory 
procedure In general, mobilization should be considered sufficient when the 
joint to be used is positioned to approximately 50 per cent of its normal 
lange of motion and the suture can be accomplished without tension 
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The figures given in the tables under the heading “Usual Defect Which 
Can Be Repaired with Ease” lepiesent lengths of defects which have been 
repaired followed by pi oven lecoveiy of motor function in the involved nerve 
The wi iters peisonally followed these cases, and have not been satisfied with 
questionable signs of recovery The definite return of motor pover has been 
the only acceptable positive sign of successful neive sutuie The return of 
some types of sensation cannot be consideied an infallible sign of a successful 

nerve sutuie with return of function 
taking place In the last column m the 
tables, rcfeicnce is made to the “Maxi- 
mum Defect Which Can Be Repaiied” 
with a given incision This maximum 
defect has occasionally been made up 
with proved successful recovei}, but 
moie often it represents a hvpothctical 
defect which would have resulted had 
another few centimeters of neivc been 
resected in the scaich to reach normal 
neive fibers for approximation Ob- 
viously, this maximum gap will be 
avoided, if possible, b\ extending the 
incision for additional mobilization At 
the end of the table foi each neri'c 
we have included a statement that rep- 
resents the greatest possible defect that 
can be overcome in this nerve bv 
mobilizing the nerv^e thioughout an in- 
cision extending the entire length of 
the extieinity and with maximum posi- 
tioning of the joints We are quite 
sine that m the majority of such in- 
stances theie will be no recoveri'^ of 
function In a few cases, by emplov- 
mrf veiv careful postoperative exten- 
sion of the mints we have had lecov- 
ery m exceptionally large defects, for example, a 15 cm defect in an ulnar 
nerve, a 7 5 cm defect m a ladial neiwe, a 12 cm defect in a median neiwe, 
and a 10 0 cm defect in a sciatic nerve 



Fic I — Incision for exposui e of the 
radial nerve in the arm and the dorsal 
interosseous nerve in the forearm The 
portion of the incision for exposure of the 
nerve in the elbow region is shown on 
Figure 2 


RADIAL NERVE 

The incision (Fig i) employed in repairing the radial neive is usually a 
posterior one which extends fiom the quadrilateral space laterally around the 
arm on to the anteiioi suiface between the brachioiadialis muscle and biceps 
brachii tendon to the elbow Vaiious portions of this incision can be used for 
small defects, but usually the entiie length of the incision will be necessarj^ to 
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oveicome a sizable defect as ^\ell as a minimum of 90 degiees of flexion of the 
elbow joint The anteiioi incision is made fiom the infraclaviculai fossa to the 
upper thud of the aim along the couise of the neurovasculai bundle, and it is 
used only in those instances when the neive is obviously damaged in 01 above 
the axilla Occasionally, both exposuies will be necessary if the neive is 
damaged in the legion of the head 01 neck of the humeius It is 0111 opinion 
that tiansposition of the ladial nerve to the medial side of the aim is of little 
advantage This wall not gain moie than one or, at the veiy most, two centi- 
meters additional length 

It will be noted in the chait that small defects aie made up wdien the 
lesions aie neai the elbow joint This is due to the fact that injuiy to this 
legion usually mvohes the bones of the elbows joint and flexion is, therefore, 
frequently limited so that the final defect w^hich can be made up is conse- 
quently less Anothei leason is that the injuiy is often just pioximal to the 
bifurcation of the 1 adial nei ve into the supei ficial and deep branches and this 
obviates extensive mobilization of the distal segment The lepair of defects in 
the deep branch of the radial neive is essentially the same problem as occuis 
when the mam trunk of the nerve is injured m the elbows region 

Injuries to the doisal interosseous neive aie usually irreparable because 
more than two centimeters of neive substance aie almost invariably destioyed 
when there is an associated fiacture of the head and neck of the radius, but 
occasionally wdien the neive is cut b)'- a saber or knife wound, it is possible 
to repair a defect of one or i 5 centimeters and sutuie the nerve ends The 
current liteiatuie indicating lepair of defects in excess of two centimeters in 
this nen’-e piobably icfeis to lesions of the deep bianch of the radial nerve 
latliei than the dorsal intei osseous The doisal interosseous nerve referred to 

Table I — Radtal Neive 


Information obtained from 79 operations 


Site of Lesion 

Limits of Incision 

Usual Defect 
WTiich Can 
Be Repaired 
With Ease 

Maximum 

Defect 

Which Can 

Be Repaired 

Axilla 

Supraclavicular region to mid H of arm 

2 3 cm 

2 5 cm 

Arm 

Postenor axillary fold to upper }4 forearm 

6 2 cm 

8 0 cm 

Elbow region 

Mid H of arm to mid H forearm 

3 4 cm 

5 0 cm 

Forearm (dorsal 




interosseous nerve) 

Elbow to distal H of forearm 

1 0 cm 

1 5 cm 

Theoretical maximum 

Anterior and postenor incisions combined 

8 0 cm 

10 cm 

defect that can be re- 




paired 





in this paper is that portion of the deep bianch of the ladial nerve that begins 
at the inferior bolder of the supinator muscle after the deep branch has 
extended around the neck of the radius and extends distally on the dorsal 
surface of the intei osseous membrane to the middle 01 distal one-third of the 
forearm If for any reason a defect in the dorsal interosseous nerve over 2 
centimeters is obvious, tendon transfers are done in an effort to overcome the 
disability due to the paralysis 
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MEDIAN NERVE 

The incision (Fig 2) for repaii of the median neive is made from the 
apex of the axilla along the couise of the neurovascular bundle on the medial 
aspect of the arm to the antecubital fossa and then distally through the middle 
of the volar surface of the foreaim to the wrist It is onl}^ with huge defects 
that it would ever be necessary to mobilize the nerve thioughoiit the entire 
length of this theoretical incision For the average median repaii with the 
injury in the arm, the incision wull be fiom the axilla to the elbow' For an 
injury in the region of the elbow', the incision will probablj extend from 
mid-arm to mid-foreaim Lesions in the forearm generally require an inci- 
sion thioughout the forearm and possibly into the lower arm If the lesion is 
neai 01 at the w'list, the transverse carpal ligament will have to be divided and 
mobilization of the distal stump carried distally into the thenar legion 



forearm B Incision for exposure of the ulnar nerve in the arm and forearm C Distal 
end of the incision for exposure of the radial nerve in the arm 

Lesions that occui in the upper part of the foiearm fiequently necessitate 
transposing the median nerve superficial to the pronatoi teies This is accom- 
plished by sepal ating the muscle from its insertion into the radius and at the 
same time dissecting the motor branches from the mam trunk as far proxi- 
mally as can be accomplished This allow's a virtual subcutaneous transposition 
of the nerve and wall gain from five to six centimeters additional length 
Transposition may be used, of course, w'lth any lesion w'here additional length 
is needed Therefore, it is possible by complete dissection of the median nerve 
from wrist to axilla and transposition subcutaneously to overcome a huge 
defect m the neighborhood of 16 to 17 centimeters This implies that complete 
positioning is also used by flexing the elbow and wrist ^Vithout transposition, 
an incision throughout the length of the forearm will afford less than five 
centimeters of mobilization 
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ULNAR NERVE 

The incision (Fig 2) foi repair of the ulnar nerve extends from the 
axilla along the couise of the neui ovasculai bundle passing anterior to the 
medial epicondyle of the humeius to the upper foiearm That poition of the 
incision at the elbow should be about one and a half to two centimeters 
anterior to the medial epicondyle and it must extend distally to the junction 
of the middle and upper thuds of the foieaim if the ulnar nerve is to be 
transposed anteiioi to the elbow joint In the foieaim, the incision extends 
along the ulnar side of the volar suiface to the wrist along the lateral bordei 
of the flexoi caipi ulnaiis muscle and ends slightly to the radial side of the 
pisiform bone It will be found that m any defect m the arm of more than 


Table II — Median Netve 

Infoi Illation obtained from 115 operations 



Usual Defect 

Maximum 



Which Can 

Defect 



Be Repaired 

Which Can 

Site of Lesion 

Limits of Incision 

With Ease 

Be Repaired 

Arm 

Pectoralis major insertion to elbow 

6 0 cm 

8 5 cm 

Elbow region 

Mid H arm to mid 14 forearm i 

6 0 cm 

7 5 cm 

Elbow region 

Distal a arm to wrist (nerve transposed) 

10 0 cm 

12 0 cm 

Upper forearm 

Mid H arm to mid H forearm 

4 5 cm 

6 0 cm 

Upper forearm 

Mid H arm to mid forearm 

5 5 cm 

8 0 cm 


(nerve transposed) 



Mid forearm 

Elbow to wrist 

4 5 cm 

6 S cm 

Mid forearm 

Elbow to wrist (nerve transposed) 

7 0 cm 

9 0 cm 

Distal forearm 

Mid 14 forearm to wrist 

4 0 cm 

S 0 cm 

Wrist 

Distal H forearm to palm 

1 8 cm 

2 S cm 

Theoretical maximum Pectoralis major to wrist 

12 cm 

17 cm 

defect that can be 

re- (nerve transposed) 



paired 





two centimeters or m any defect in the foi eai m of more than four centimetei s, 
It will be necessaiy to tianspose the ulnar neive an tenor to the elbow joint 
We prefer making the incision anterior to the elbow joint, but this is a mattei 
of prefeience, and it can be handled satisfactorily with a posterior incision 
We aie certain that when the ulnar nerve is transposed it should never be 
placed beneath the detached flexor group of muscles as is sometimes advocated 
Experience has shown beyond any question that this will frequently prevent 
regeneration, whereas it will progiess quite satisfactorily with the nerve in a 
bubcutaneous position external to the flexor group of muscles It is important 
to begin the transposition in about the mid-forearm so that the nerve passes 
through a hiatus m the deep fascia and gradually assumes an anterior position 
over the flexor group of muscles rather than having it abruptly enter the new 
position from a point a centimeter or two below the medial epicondyle of 
the humerus 


OTHER NERVES OF THE UPPER EXTREMITIES 

The musculocutaneous nerve is infrequently injured but the lesion occurred 
14 times in this senes The usual defect which can be made up with ease in 
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Iaule III — Uluar Nave 
Infoi ination obtained from 215 operations 


Usual Defect Maximum 
Which Can Defect 
Be Repaired Which Can 

Site of Lesion Limits of Incision With Ease Be Repaired 


Arm 

Axilla to lower Jd arm 

2 

cm 

3 

cm 

Arm 

Axilla to upper H forcirm 
(nerve transposed) 

6 

cm 

10 

cm 

Elbow region 

Mid a arm to mid H forearm 
(nerve transposed) 

5 2 cm 

9 

cm 

Upper forearm 

Upper arm to mid H forearm 
(nerve transposed) 

4 6 cm 

8 

cm 

Mid forearm 

Upper ^forearm to wrist (not transposed) 

3 2 cm 

5 

cm 

Mid forearm 

Upper M forearm to wrist 
(nerve transposed) 

4 7 cm 

7 

S cm 

Distal forearm 

Distal arm to wrist (not transposed) 

3 4 cm 

5 

0 cm 

Distal forearm 

Distal 14 arm to wrist 
(nerve transposed) 

6 5 cm 

10 

cm 

Maximum defect w Inch 
can be repaired 

Axilla to wrist 

(nerve transposed) 

12 

cm 

16 

cm 


the musculocutaneous neive is four centimeters or less, although it is possible 
to make up a defect of five centimeters without too great difficulty The neive 
can be exposed throughout its entire length by an incision fiom the apex of 
the axilla along the course of the neuiovascular bundle to the mid-arm Tlie 
defect IS then overcome b}'’ flexion of the elbow and maiked adduction of the 
arm Lesions of the axillar}’- neive are extremel} raie unless as pait of a 
brachial plexus injuiy In 0111 experience, lepaii of this nerve is uniformly 
unsuccessful but a defect of approximately two centimeteis can be budged 

SCIATIC NERVE 

The incision (Fig 3) for lepair of the sciatic nerve extends along the 
middle of the posterioi suiface of the thigh, beginning at the gluteal fold and 
extending distally to the middle of the popliteal space If tlie lesion is situated 
above the gluteal fold, it is necessary to detach the gluteus maximus insertion 
and a difterent incision is then emplo3'ed This is the so-called Stookey oper- 
ation If the buttock is not reflected, the incision vill piobably extend the 
entire length of the thigh By reflecting the buttock, it is possible to suture 
lesions actually within the sciatic notch 01 at any point distal to it It is not 


Table IV — Sciattc Nave 

Information obtained from 53 operations 

Site of Lesion 

Limits of Incision 

Usual Defect 
Wlijch Can 
Be Repaired 
With Ease 

Maximum 

Defect 

Which Can 

Be Repaired 

ButtocL Buttock to upper 14 leg 

Buttock Buttock to mid H thigh 

Thigh Gluteal fold to knee 

Maximum defect which Buttock to upper H leg 

can be repaired 

8 5 cm 

6 0 cm 

6 0 cm 

8 5 cm 

110 cm 

9 0 cm 

9 0 cm 

110 cm 
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always possible to lepaii a veiy laige defect if the lesion is high iindei the 
buttock or within the sciatic notch, because it is impossible to mobilize the 
central stump to any appieciable extent In fact, if the lesion is more than a 
centimeter within the sciatic notch, it piobably cannot be 


repaiied at all In addition, in lesions within the sciatic 
notch, it IS impossible to place sutures on the ventral 
surface of the neive, and one has to be content with a 
suture of appi oximately two-thirds of the dorsal cir- 
cuinfeience of the nerve To obtain the necessaiy length 
when the lesion is at the notch oi undei the buttock, it is 
often necessaiy to saciifice one or moie of the distal 
motor branches, usually the branches to the long head 
of the biceps femoiis muscle This will always give two 
to thiee centimeteis additional length to aid m overcoming 
the gap In spite of the tremendous additional length 
that flexion of the leg on the thigh will affoid, the nerve 
will sometimes be under such tension that one oi two 
centimeters additional length will be essential, and m 
order to gain this, hypei extension of the hip is employed 
In such instances, it is essential that the patient be put 
in a spica cast with the hip m the hyperextended position 
Maintaining this position during the application of the 
cast may be quite difficult, but if caie is used, one or two 
centimeters of additional length can alwa}s be obtained 
bv this method 





COMMON PERONEAL NERVE 

The incision (Fig 3) for repaii of the common 
peroneal nerve is identical to that of the sciatic nerve 


Fig 3 — Incision 
ior exposure of the 
sciatic nerv'-e in the 
buttock and in the 
thigh A Distal end 
of the incision foi 


except that in the popliteal space the incision extends 
laterally, parallel to the biceps femoiis tendon and then 
courses diagonally across the uppei leg at the level of the 
neck of the fibula anteriorly to the interval between the 
tibia and fibula W e have had no experience with excision 
of the head and neck of the fibula to gam length foi 
suture, but it seems probable that some additional length 
could be obtained by this procedure, peihaps two centi- 


exposure of the 
common peroneal 
nerve in the pop- 
liteal space and up- 
per leg B Inci- 
sion for exposure 
of the tibial nerve 
in the popliteal 
space and in the 
leg The distal 
one-third of this 
incision IS placed 


meters It should be noted that repair of the common midway between 
peroneal nerve m the thigh is no different fiom repair of o 1 u s and the 

the sciatic nerve in the same pait of the thigh except that. Achilles’ tendon, 
1, 1 , 1 more medial than 

II ine tiDial poition should be intact, a little less length can indicated in the il- 

be made up in the common peroneal because the intact histration 

tibial compromises the dissection somewhat This results from the anatomic 
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structure of the sciatic nerve in that the common peroneal and tibial nerves 
cannot be separated completely from each other throughout the thigh because 
of intercommunicating fibers connecting the two portions of the nerve Injuries 
in the region of the head and neck of the fibula fiequently traumati/e the 
common peroneal nerve just at the point where it branches into the superfi- 
cial and deep portions, and, not infrequently, there is an associated fracture 
of the bones in this region Consequently, the repair ma\ resolve itself into 
a suture of one central branch to two or even more distal branches of the 
deep component of the nerve Repair of the deep branch of the common 
peroneal nerve is technically quite difficult The dissection is tedious, the 
nerve is extremely deep belw'^een the tibia and fibula on the interosseous 
membrane beneath the tibialis anteiior and the extensor communis digitorum 

Tahif V — Common Peroneal Nen’i 
Information obtained from 97 operations 


Usual Defect Maximum 
W'liich Can Defect 
He Repaired W'hich Can 


Site of Lesion 

Ltmtts of Inci‘**on 

\\ itii Eace 

Be Repaired 

(Proximal to the distal H of thigh defects are tlie same as 

the sciatic nerve) 


Distal H thigh and 
popliteal region to 
neck of fibula 

Gluteal fold to neck of fibula 

6 4 cm 

8 

1 cm 

Leg (distal to neck of 
fibula) 

Superficial branch 

Popliteal space to mid ol leg 

1 S cm 

2 

S cm 

Leg (distal to neck ol 
fibula) Deep branch 

Popliteal space to mid H of leg 

1 0 cm 

1 

S cm 

Maximum defect which 
can be repaired 

Buttock to upper M leg 

8 S cm 

11 

0 cm 


muscles , and suture is difficult even if the nerve ends are near approximation 
because the nerve is small If there is a defect of any significant size the nerve 
cannot be repaired Rarely is it possible to bridge a defect as great as r 5 
centimeters The dissection of the superficial peroneal branch after it extends 
distal to the neck of the fibula is not difficult, but again only a small defect 
can be repaired — at most 2 5 centimeters 

TIBIAL NERVE 

Incision (Fig 3) for repair of the tibial nerve in the popliteal space or in 
the low^er thigh is the same as for repair of the sciatic nei ve Less defect can 
be made up in repair of this nerve in the thigh than in the sciatic nerve because 
It IS necessary to separate extensively the tibial from the common peroneal 
component This is not advisable if it can be avoided because of the inter- 
communicating fibers that will be damaged, and disrupting the epineunum 
on half the circumference of the nerve adds to the technical difficulty in accu- 
rately suturing the ends In the popliteal space less defect can be made up in 
the tibial nerve than in the common peroneal nerve because its course is more 
direct and it is more deeply situated so that flexion will not provide the addi- 
tional length that will be gained in the longer and more superficial 
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peioneal neive To the tibial nerve m the leg, an incision is made 

beginning at the ankle midwa}^ between the medial malleolus and the Achilles’ 
tendon extending pioximally m a giadual cuive to the raidline of the leg ovei 
the belly of the calf muscles and giadually back to the midline of the popliteal 
space In the leg if the defect is gieatei than five centimeteis it is necessary to 
caiiy out a veiy extensive dissection ivhich involves detachment of the soleus 
and gastiociiemms muscles from the posteiior surface of the tibia up to the 
popliteal space, and leti acting the entiie muscle mass laterally This exposes 
the neive ivhich is deeply situated m the center of the calf By this proceduie 
a veiy large defect can be repaiied if the incision is extended from the 

Table VI — Tibial Nave 

Inioi matron obtained from 52 operations 

Usual Defect Maximum 
Which Can Defect 
Be Repai’^ed Which Can 

Site of Lesion Limits of Incision With Ease Be Repaired 


(Frocinnl to the distal M of thigh defects are tlie same as the sciatic nerve) 


Lower tliigh 

Gluteal fold to mid H leg 

5 

2 cm 

6 


cm 

Popliteal region 

Gluteal fold to mid H leg 

4 

5 cm 

9 


cm 

Leg 

Upper leg to ankle 

3 

0 cm 

5 

0 

cm 

Leg 

Distal '-J thigh to ankle 

8 

0 cm 

11 

0 

cm 

Malleolus 

Mid leg to malleolus 

1 

5 cm 

2 

S 

cm 

Maximum defect which 

Buttock to upper H leg 

8 

5 cm 

11 

0 

cm 

can be repaired 

Mid M thigh to ankle 

9 

0 cm 

12 

0 

cm 


malleolus thiough the popliteal space into the lotver thigh, as much as ii oi 
perhaps even 12 centimeteis can be made up by this maneuver It is rare, 
howevei, that a defect 111 excess of six or seven centimeters is encounteied in 
this neive In lesions of the medial and lateral plantai nerves near 01 below 
the internal malleolus, only small defects, one or two centimeters m size, can 
be lepaired Flexion of the knee joint in the extensive dissection supplies con- 
sideiable additional length not gained by mobilization alone, while plantar 
flexion and inveision of the foot accomplish very little in budging defects over 
one centimeter long 

SUMMARY 

1 Accuiate data on the defects that can be budged in all the major periph- 
eial neives of the body aie piesented 

2 The fundamental technical methods employed in ovei coming nerve 
defects are discussed 

3 Piactical consideiations m lepaii of a defect of each majoi neive are 
suggested 

4 Stimmaiies aie presented for each neive m accompanying tables 
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MYXOMA. THE TUMOR OF PRIMITIVE MESENCHYME 

Arthur Purdy Stout, M D 
Nr^v Yokk, N Y 

Tumor,s or A MUCOID or myxoid habit lesembling mesenchyme are not 
too uncommon In a recent study of soft part sarcomas they stood in tlnrd 
place among sixteen named vaiieties, being surpassed only by fibrosarcoma 
and liposarcoina (Stout, 1947) Yet the literature contains very little ac- 
curate information about them as an entire gioup There are several reasons 
for this In the first place, there aie a numbei of tumor foims which some- 
times are composed in part of m)'xoid tissue such as liposarcoina, fibrosar- 
coma, chondrosarcoma, and mesench3mioma Such tumors sometimes have 
“myxo-” included as part of tlie name and there has been a tendency to con- 
sider them as variants of the myxoma This is certainly an ei roi , for clinically 
they behave like tumors composed of the dominant tissue and should be desig- 
nated by that name Further, theie has been a tendency on the part of some 
to use both the terms myxosarcoma and myxoma Tins also is probably un- 
wise, for myxomas do not metastasize and there is no way to anticipate dif- 
ferences in their growth energy from then histopathology Still another diffi- 
culty arises because of the lesemblance of ganglions of the tendon-sheaths 
and skin to myxomas Finally, there are the peculiar primaiy myxoid tumors 
of the heart, about which so many papers have been published denying and 
affirming their neoplastic natuie, their degree of malignanc}'' and their rela- 
tionship to primary heart muscle tumors It seems probable that among them 
there are examples of undifferentiated mesenchymal proliferations both granu- 
lomatous and neoplastic Of the latter some are undiffeientiated myxomas, 
some are rhabdomyomas, and some aie mixed (Batchelor and Maun, Mahaim, 
Ravid and Sachs, Anderson and Dmytr^'k) It must also be pointed out that 
myxomas of the heart are the only tumors given that name from which 
metastases have been reported (Fenster) This is so exceptional as to 
warrant the suspicion that such metastasizing tumors are probably not true 
myxomas but sarcomas of some other type masquerading as myxoma For 
these reasons it is quite difficult to leain accurately from the literature the 
exact distribution and biological course of this group of tumors 

It seems necessary first to define what shall be understood by the term 
“myxoma ” For the writer, it is a true neoplasm composed of stellate cells 
set in a loose mucoid stroma through which couise very delicate reticulm 
fibers in various directions In other words, it closely resembles primitive 
mesenchyme This resemblance has been noted by Greco, by Harris, by Hoge- 
nauer, by Saturski and others The only variation from this is the occasional 

From the Surgical Pathology Laboratory, College of Physicians and Surgeons, 
Columbia University and the Department of Surgery, Presbyterian Hospital, New 
York City 
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formation of denser areas due to a thickening of the delicate connective tissue 
fibers and a lessening of the mucoid material In such aieas, because of this 
increase in density, some of the cells may become spindle shaped, probably 
as a result of pressure molding, but these areas should not be extensive One 
must allow this much variation, since any tumor may undeigo some degree of 
fibrosis There must be no chondroblasts, lipoblasts, rhabdomyoblasts or any 
other recognizable differentiated elements Unlike the progiessmg ganglions 
which have a multicentiic oiigin and tend lapidly to form cysts containing 
hyaluronic acid, the myxoma has a umcentnc origin, grows pi ogi essively by 
infiltration and/or expansion and laiely reaches a great size It is piobable 
that the mucoid mateiial of the myxoma is h3^aluronic acid and not mucus 
The fact that when hyaluronidase was added to the thick mateiial obtained 
from the tumoi m Case i this material was partly fluidified, would suggest 
this According to Meyei there is a relatively large amount of hyaluronic acid 
in the primitive mesench) me, which also suggests that the myxoma is a neo- 
plastic repioduction of piimitive mesenchyme Pei haps most important of 
all, the myxoma does not metastasize and, if it kills, it is because of damage 
to vital structures produced by infiltiative oi expansile growth causing pres- 
suie or eiosion As examples of this there may be cited the case of Hogenauei 
(1933) in which death fiom asphyxia vas caused in a 40-year-old woman by 
a myxoma of the neck that sui rounded the esophagus and completely blocked 
the trachea by compiession, and Rosenberg’s (1936) 46-yeai-old patient with 
myxoma of the prostate which caused death by filling the pelvis and com- 
pressing its structures 

Using this definition, the writer has been able to recognize 49 cases of 
myxoma recorded in the Laboiatory of Surgical Pathology of Columbia Uni- 
versity, and after a not too exhaustive search of available hteratuie has found 
95 more, exclusive of the heart More than 100 cases of myxoma involving 
the heart have been reported 

The anatomic distribution of these cases is shown m Table I 

An examination of this table shows that most of these tumors are found 
in the heart, the skin, subcutaneous and aponeurotic tissues in certain bones, 
and the genitourinary system Myxomas in other situations are rare The 
soft part tumors are widely disti ibuted, but many of the bone cases are found 
in the jaws In addition to the bones mentioned in the chait, cases are re- 
ported 111 the fibula (Leriche), tibia (Lehmann), ulna (Garavano and 
Schwjowicz), skull (Brackmann, Inclaii and Inclan), jaws (Thiargo 
Marques, Tholen, Milhon and Paikhill), metatarsal (Copello), peiiosteum of 
metatarsal (Marziani) and phalanx of toe (Danielewski and Komza) Other 
bone cases were described by Bloodgood In the genitourinary S3’'stem, the 
greatest number are found in the urinary bladder, spermatic coid and vulva 

The sex of 46 of our cases is recorded 25 were female and 21 male Six 
patients were Negroes The age at onset of symptoms is lecorded in Table II 
From it one can only conclude that the myxoma is a tumor which may make 
Its appearance at any time from biith to old age 
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Clinically the tumois in the soft paits which can he examined do not 
have any very sti iking characteii sties, largely pci haps because most of them 
aie so deep that their myxoid qualities aic masked, or, if they are in bone, 
completely hidden The laigest tumor in the Columbia Univeisity group 


Table I — Amtoimc Dislrtbuiwn of 140-\- j\I\ioinas 


Toni I’ertoml 1 it 


Subcutaneous and aponeurotic 

32 

25'- 

7 

Bone 

26 

tot 

16 

Genito-urinary 

23 

2 

21 

Skin 

22 

4 

n 

Retroperitoneal 

5 

2 

3 

Intestine 

5 

1 

4 

\ares and sinuses 

5 

0 

5 

Muscle 

4 

1 

3 

Joint 

4 

1 

3 

Pharynx and tonsil 

3 

0 

3 

Breast 

3 

0 

3 

Orbit and eyelids 

4 

1 

1 

Intracranial 

1 

1 

0 

Spleen (Tomanek) 

1 

0 

1 

Appendix (Laird and Nolan) 

1 

0 

1 

Liver (Zuidema and Seldam) 

1 

0 

1 

Parotid gland (Valensm) 

1 

0 

1 

Carotid body (Bertola) 

1 

0 

1 

Ear (auricle) (Hand and O Connor) 

1 

0 

1 

Heart 

many 

143 + 

1 

49 

many 

95 + 


Lower ext 7 upper ext 6 head S back 5 neck 1 inguinal 1 
t Mandible 5 maxilla 3 clavicle 1 metatarsal 1 


measured 30 x 10 cm and Aeas in the leg of a 68-yeai-old male It had been 
excised when smaller, aftei 19 months of gronth Recurrence appealed after 
one month, and in four more it had attained the size recorded The patient 
refused amputation and could not be traced after leaving tbe clinic The 
largest authentic myxoma recorded was reported by Jonas (1937) After 


Table II — Age at Onset of Sympfovis of 99 Cases of Myxoma 

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70 

17 11 11 10 25 11 13 1 


three years of abdominal enlargement a tumor measuiing 32 x 26 x 24 
cm and weighing 5426 gm was removed from the retroperitoneal region of 
a 36-year-old woman It originated seemingly from the parametria and 
extended upivard to both sides of the diaphragm It was gelatinous with 
cystic areas, and histologically was a vascular myxoma No follow-up was 
reported A tumor weighing 82 kilos attached to the labium majus, extend- 
ing up between vagina and rectum and measuiing 62 x 63 cm Avith a cir- 
cumference of 125 cm Avas described by Leischner (1930) but this Avas 
probably a liposarcoma 
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The duration of symptoms (? e tumor) before tieatment has vaiied widely 
fiom two weeks to 37 years and averaged 4 years Like many othei tumor 
varieties it is appaient that a myxoma tends to grow vei> slowly or remain 
stationary foi long peiiods of time and then may suddenly enlarge rapidly 
Theie is no rule about the relationship of these phases one to the other, 
lapid growth may come at the beginning or the end of a quiescent period, 
01 may be both preceded and followed by inactivity 

It IS of interest to find that both Krogius and Bolognesi have noted the 
concuirence of myxomas in the soft parts and fibrous lesions in the bones 
When myxomas grow 111 bone, they develop in the mariow, expand the coitex, 
destioy bone by aseptic pressure necrosis and produce a deformity of the 
bone which cannot be distinguished roentgenologically fiom osteitis fibiosa, 
giant cell tumor 01 fibrous dysplasia, and, m the case of the jaws, fiom 
adamantinoma or paradental epithelial cyst (Fig 5) If, as in Case 5, the 
tumor springs fiom the periosteum, there may be no bony deformity (Fig 7) 
When myxomas grow in or close to the skin, they have a semitianslucent 
pallid aspect which simulates the appearance of some lymphosarcomas and 
ganglions of the skin and of an occasional liposarcoma, if invasion brings it 
close to the epidermis In this situation the myxoma may be soft and suggest 
fluctuation (Fuhs, Gross, Jacox and Freedman, Kusnetz, Maynard, Sanchez 
Carvisa and Bejarano) While many of them are found at the finger tips 
(Case 2), they have been reported from other parts of the skin surface in 
both single and multiple form Almost all of them are lelatively small In 
the intestine most of them have been pedunculated growths projecting into 
the lumen and causing intussusception (Case 6, Brachetto-Brian and Latienda, 
Sullivan and Corcoran, Du Bourguet et al Perry and Peters) Most of the 
genitourinary myxomas have developed in infants from the bladdei (Bon- 
giorno, Grynfeltt, Harris, Lazarus and Rosenthal, Meade, and Weiss and 
Meyer) but Saturski’s patient was 33 years old The trigone was the usual 
site of origin Hematuria and obstructive symptoms occurred and usually, 
although not invariably, growth progressed continuously to a fatal outcome 
in spite of the most radical attempts at removal Myxomas have been found 
in the spermatic cord (Baiocci, Collins and Berdez, Tsuchiya and Shindo), 
the scrotum (Grimaldi and Bernardi, Loubat and Dareys, Menville), the 
round ligament (Peltier de Queiroz), the vulva (Abdanski and Landsberg, 
Menini) and the ovary (Kikuti and Minakawa) Orbital and ej^ehd 
nij^xoma cases have been reported by Lamb, Quintana and by Town, mam- 
mary gland myxomas by Marano, Posgay and by Sammartmo and there 
are several reports of myxomas in the upper respiratory passages The larynx 
cases are all simply myxomatous polyps and the nasopharyngeal cases either 
polyps or the fibroangiomas of adolescents Fuste and Mena Serra’s tumor 
of the maxillaiy sinus may be a true myxoma and the same may be said of 
Richter s and of Shiroto’s tumors of the antrum 

The treatment of most of these patients has been by surgical excision 
Radiation therapi whether by radium or roentgen-ray, has generally been 
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either entirely or partly unsuccessful as, for exarnple, m Tomanek’s patient 
who had a myxoma of the spleen reduced to one-half its original volume with 
external treatment by radium, and in Puente Duany and Paultre’s tumor of 
the thigh treated by roentgen-ray However, Jacox and Freedman, by 
using caustic doses of roentgen-ray for the small finger lesions, reported 
that they effected cures Sometimes the operative i emoval has been adequate 
but too frequently it has been inadequate, as evidenced by many examples of 
recurrence The following examples are illustrative Dixon and Vadheim 
removed a grapefruit sized m)'^xoma from the region of the kidney In spite 
of postoperative roentgen-iay treatment, a recurrent mass adherent to the 
hepatic flexure necessitated a partial colectomy for its removal years later 
Hand and O’Connor’s patient had several recurrences involving the external 
ear, which finally resulted in its loss after 43^ years Trabucco described a 
myxoma of the lateral neck region which recurred eight times in 35 years 
One of the patients in the group heie reported, a man 65 years old, had 
eight operations for the excision of recurring myxoma of the lateral neck 
region lasting over a period of 36 5'^ears The results obtained can only be 
indicated because the follow -up data at liand are inadequate They are show n 
m Table III 

Table III — Results of Tieafmcitl of 27 Follozvcd Cases of Mvroma Recoded ui the 
Laboratory of Surgical Pathology of Columbia Univcrsitv 


Alive without tumor — over five years S* 

under five years 9 

Alive with tumor — over five years S** 

under five years 7 

Died — following operation 1 

hecau'e of tumor 1 

of intercurrent disease with tumor persisting 1 

Total 27 


* Mandible S and 23 vears maxilla 5'^ years arm 6'/ \cars thumb 17 years 
** Mandible 9 years leg 16 years lateral neck 36 years 

An examination of Table III shows the inadequacy of many of the opera- 
tions for removal of myxomas In some instances this may not have fatal 
results because these tumors do not metastasize and the recuirences in non- 
essential parts of the body may only be a source of annoyance and discomfort 
But sometimes the recurrences may cause death, for instance, if the tumor is 
in the bladder or retroperitoneal region or at the base of the skull wdiere it is 
impossible to remove all of its extensions and wdiere persistence of growth 
can interfere with vital functions The writer has long been of the opinion 
that the only proper way to deal wuth the various tumors deiived from mesen- 
chyme is to biopsy them before undertaking treatment When study of the 
paraffin section reveals the nature of the growth, a knowledge of the possible 
behavior of the particular variety of tumor demonstrated wall serve as a guide 
for planning treatment With most myxomas it is usually necessary to 
remove a generous amount of apparently uninvolved surrounding tissue to 
effect eradication 
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ILLUSTRATIVE CASES 

Case 1 . — S P 90331 L G, an iS-year-old colored girl from British Guiana first 
noticed a lump about the size of a marble m her right arm, 3 years before admission 
Her mother said it had been present since birth Two months ago it caused some mild 
discomfort A deeply seated mass which made a visible lump was found on examination 
in the region of the insertion of the right pectoralis major muscle into the humerus It 
was firm, not tender and was movable (Fig i) Ihe Kline test was negative The 
bone was not involved 


I 



Fig I — Case i Myxoma of the arm 

At operation 7/29/44, the tumor appeared encapsulated and lay in the tendon of the 
pectoralis major muscle near its insertion into the humerus and m the adjacent fascia 
The periosteum was not involved The tumor was first carefully exposed and a biopsy 
was taken It was mucoid in character and a quick frozen section was diagnosed myxoma 
A second incision was then made through which the first wound, the tumor and the 
tissues surrounding it were lemoved in one block without again exposing the tumoi 
This necessitated removal of a portion of the tendon of the pectoralis vnajor muscle and 
some of the surrounding fascia There was no recurrence or interference with function 
when the patient was last seen 3/25/47, 2 years and 8 months after operation 

Gross examination of the tumor showed that it was apparently encapsulated, meas- 
ured 4 cm in diameter and on section its consistency was somewhat fibrous, sticky with 
mucoid and had the color of weak lemonade The microscopic picture show's a loose- 
textured tissue of tangled reticulin fibers, somewhat thicker than in other myxomas, 
separated by clear spaces containing mucoid and set at inteivals with stellate cells The 
capsule was not invaded bj' the tumor (Fig 2) 
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Fig 2 — Case i Photomicropfrapli of the tumor 


Case 2 — S P 9472^ H S, i coloitd 
male shi])i)ing clcik l)oin in Cuiu,oi, D 
W I , 31 ycais old, c ime to the \ aiuki- 
b It Clinic conipl lining that 3 \ciis be 
foie he Ji id binned the tip of Ins lef 
index fingei aiul snbscqiicnth bit and 
scratched the area Some time ifter this 
a soft swelling appealed which slow 1\ 
inci cased in si/e Examination showed i 
tense fluctuant miss on the liteial vol ii 
aspect of the tip of the left index fi i- 
gci It measuicd 1 cm m diameter 
and w'as called a sKin ganglion (Fig 3) 
August 20, 1945, it avas excised intact and 
the avound aa^as giaftcd Nine days later 
the graft had taken and all sutures aa^ere remoa^ed He did not return to the Chine 
for further obsera'ation 

The specimen removed measured i 9 x i 2 x i cm and tw'O-thiids of its surface aaas 
covered by epidermis On section it shoaa'ed a glistening translucent mucoid surface 
Microscopic examination shoaved an encapsulated growth King in the skin, cleaating the 
epidermis and composed of a verj^ loose-textured tumor avith fine tangled reticulin fibers, 
abundant mucoid material and avidely spaced stellate cells (Fig 4) 



Fig 3 — Case 2 Myxoma of the finger tip 


Case 3 — S P 26923 M P, a 13-year-old school girl of Italian parentage had had 
trouble aanth the loaver left first molar tooth for some years Five aveeks before admis- 
sion she noted savelling of face in this region One aveek before admission the loosened 
molar tooth aa'as extracted Examination on admission shoaved that the alveolar process 
of the left mandible and the bone beneath it avere savollen from the second bicuspid 
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tliiough the second molai legions Roentgen-ray showed an area of larefaction and 
expansion of the mandible in this legion with displacement of tooth loots The bony walls 
of the cavity were thickened by very delicate ndges The inferior cortex of the body of 
the mandible appeared A'ery thin (Fig 5) 




Fig 5 — Case 3 Roentgenogram of myxoma of mandible and photomicrograph 

showing detail of histopathology 


At operation 12/14/21 the cavity was entered through the alveolus and a soft, 
gelatinous, semitranslucent, pale grayish tumor was encountered and excised piecemeal, 
together with some bony trabeculae which parti}'- duided the cavity Five weeks after 
operation, radium in tubes was placed in the open cavit}, and a dose of 400 mgm hours 
was given There was no recurrence when the patient was seen 23 years after operation 
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Microscopic examination showed a tumor composed of a stroma of tangled delicate 
reticulin fibers with mucoid material in the intervening spaces and scattered stellate 
cells (Fig S) 

Case 4 — L L , a 26-year-old married American Negress was admitted to the Pres- 
byterian Hospital 6/11/41 Nine months before she noted a small lump in the anterior 
aspect of the right mandible which gradually increased in size, causing a sense of 
fullness and occasional shooting pains 

On examination an egg-shaped mass was observed in the mandible extending from 
the lower left second premolar to the lower right premolar It pushed the teeth baclavard 



Fig 6 — Case 4 Photograph of mtraoral appearance of myxoma 

of mandible 


and the hp forward (Fig 6) June 12, 1941, the mandible was resected between these 
two points 

On gross examination the cortical bone was exceedingly thin anteriorly and the 
teeth loosened The tumor inside the bone was homogeneous, reddish gray and trans- 
lucent It occupied almost all of the bone resected and came very close to the lines of 
resection October 3, 1946, five }'ears and 4 months later there was no recurrence 

Microscopically the tumor was a characteristic myxoma composed of stellate cells 
set in a loose mucoid stroma with delicate reticulin fibers in it Occasional bony trabe- 
culae were noted throughout the tumor 

Case 5 — S P 85510 L L, British West Indies Negro 50 years old For the past 
15 years the patient had had a growth attached to the left clavicle which appeared with- 
out any known cause and remained stationary until 2 years ago when it increased slowly 
in <size but was symptomless 
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On examination tlierc was found an elastic lobulated tumor attaclied to the middle 
and inner thirds of the left clavicle It measured 8 x 5 x 2 cm Roentgen raj showed no 
honv lesion of the claMcle (Fig 7) 

Operation 4/26/43 The tumor was o\oid, lohulatcd and had a gelatinous spongj 
consistency It w'as apparentlj encapsulated and firmh fixed to tlie periosteum of the 
clavicle, w'hich w'as excised with the tumor together w ith some of tlie cortex winch 
appeared unaffected Fiftj months after operation there as no e\ idencc of recurrence 
The nodular mass measured 58 x 33 x 32 mm and had a small fragment of the 
cortex of the clavicle attached to it It appeared semitranslucent, and when cut a clear 
colorless strmgj mucoid material escaped Some of this was imcstigatcd hj Dr Karl 
Hejer who added to it a little Inaluromdast Tins partlj lic|ULficd the tlnck material 
W'lncli suggests hut does not prove tliat it was Inaluromc acid 




Microscopic examination show’ed a leo' loose textured tumor comiioscd of stellate 
cells set at wide intervals with mucoid material and a lerj fine meshwoik of icticulm 
fibers No lipoblasts W'ere seen The bone was not nnaded (Fig 8) The tumor was 
explanted vi viUo by Di Alargaret R Muiraj Most of the fiagmcnts did not grow 
at all Three formed a few stellate cells resembling those found in the tumor 

Case 6 S P 22376 (S394) H S A married American housewife 68 years old 
For 6 weeks before admission she had suffered from intermittent pains in the umbilical 
region wnth vomiting, constipation and distention Ph\ sical examination on admission 
W'as unrewarding except for distention A flat plate of the abdomen showed obstruction 
m the small intestine At operation 2/15/19 an intussusception was found m the ileum 
due to the presence of a pedunculated tumor projecting into the lumen After casj 
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The tumors giow at dilferent rates of speed, but usually there are long periods 
of inactivity which may precede or follow shorter periods of rapid growth 
Many nevei attain a very large size but a tumor A\eighing over 5 kilos has 
been described Metastases have nevei been leported except from myxoma 
of the heart and it is possible that this w'as not a simple m3'xoma In any 
event, their possibility does not have to be considered in treatment Since 
the tumors infiltrate, close excision has frequently been follow'cd by recur- 
rence If this takes place in some region where Mtal structures can be af- 
fected, such as the bladdei and retroperitoneal legion, a fatal outcome may 
be the result The importance of biopsy before ticatment in all tumors of 
mesodermal oiigm is stressed 
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1 \AYNAUD’S PHENOMENON AND ATYPICAL CAUSALGIA, 
THE ROLE OF SYMPATHECTOMY 

LeRo^ J ICLEINSAfeSER, M D 

D \LI AS, Tl \AS 

It is well to recognize that the employment of sympathectomy has been 
somewhat empiiic, since Alexander,^ m 1899, performed a cervical sjmi- 
pathectomy for epilepsy It is only by the giadtial accumulation of expeii- 
ence that the proceduie has begun to rest on a firm foundation Reah/ing 
that theie is an obvious contioversy as to its efficac)' in man) conditions, such 
as Buerger’s disease and hypertension, it is desired to discuss only its use in 
cases where there is a marked vasospastic element present, without organic 
obhteiation of vasculai channels This leport is concerned with the lole of 
sympathectomy 111 Raynaud’s phenomenon and atypical causalgic states In 
these, cold sensitivity is a majoi manifestation 

Since vasoconstriction is one function of the autonomic nervous s\stem, 
mediated through the sympathetic fibers, one method of study of vasospasm 
is based upon the interruption of these pathways by various means One 
suspects the piesence of vasospasm upon the appeal ance of the following 
Signs and symptoms 

1 Hyperhidi osis 

2 Coolness 

3 Cyanosis 

4 Cold sensitivity 

5 Coloi changes 

Although it is ohvious that the mechanism of peripheral Aasoconstiiction 
can be humoral as well as neuiogemc, it is felt that the lattei mechanism is 
more important It has, therefore, been consideied advisable to test the 
degiee of neurogenic vasospasm by a direct objective method — namel), block 
of the regional sympathetic ganglia wuth procaine For the upper extremit) , 
block of the stellate ganglion by the anteiior route wnth 10 cc of per cent 
procaine is done, as this method is easily perfoimed and taught, and the 
objective manifestations of Horner’s syndiome^ aie unequivocal as to the 
success of the block A comparison of the method of posterior block in the 
region of T2 and T3 with this method presents nothing of importance to 
recommend the former ovei the latter, in addition, it is much more difficult 
to perform, and as hazardous because of the danger of the occurrence of 
pneumothorax In the lower extremity, I use a single injection of 30 cc 
of per cent procaine wath a 22 or 20 gauge needle 7 inches long, at a 
40 ° angle to the sagittal plane, in the legion of L 2 or L 3 This method is 
almost uniformly successful, and not nearly so painful as the three 01 foiii 
needle technic of paravertebral block Skin temperature determinations, as 
w'ell as clinical observations, are made undei standard conditions of tempeia- 
ture and humidity routinely before and aftei sympathetic ganglion block 
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Although surface tempeiatuies do not accurately i effect the vasculai status 
of the deepei sti uctiii es,'‘ it should be recognized that this distinction is not 
nearly so important in vasospastic conditions as in obliteiative organic dis- 
eases, such as Bueiger’s disease and aitenosclerosis This has pioved to be a 
helpful objective determination, when correlated with clinical obseivations 
of the extremity made befoi e and after block to note improvement m color , 
and, equally important, amelioiation of the major complaint of the patient 
Oscillometnc determinations have proved no more advantageous than clinical 
observation of the peiipheral pulses in the consideration of the status of the 
peripheial vascular condition, particularly in primary vasospastic disordeis 
This has been the experience of others ^ Other methods of undoubted value 
111 diagnosis and evaluation of peripheral vascular disease aie plethysmog- 
1 aphy and capillary microscopy 

The following types of cases representing various degrees of primary vaso- 
spasm have been seen and treated 


Preganglionic 

Total No Seen No Operated On Sympathectomies 


Raynaud’s Phenomenon 

20 

5 ( 25 %) 

9 cervicodorsal 

Atypical Causalgia 

6 

6 

(i cervicodorsal 
(5 lumbar 

Cold Sensitivity and 




pain after ligation 
of main vascular 

2 

2 

2 lumbar 

channels (femoral) 





In all of these cases, the pi unary condition was one of vasospasm rather 
than organic obliteration of the major vascular channels and their tributaries 
Ivxception may be taken to this in the third group, where ligation of the mam 
vessels, the femoral arteiy and vein, had been done, but, in effect, there was 
no evidence of organic obliteration of the vascular tree distal to the ligation, 
as IS seen in obliterative vascular disease 

In considering the cases amenable to sympathectomy, one is impressed by 
a common feature which seems predominant, and that is sensitivity to even 
mode! ate cold, with maiked discomfort and cyanosis In a sampling of a 
diveise gioup of 31 ceivicodorsal and lumbar sympathectomies done, all but 
SIX (80 per cent) piesented this as a primary manifestation Most presented 
this as an initial complaint In piactically every instance, the objective mani- 
festations became prominent on exposure to cold The cold did not have to 
be severe This was particularly true of the patients with Raynaud’s disease, 
m which the typical symmetrical triphasic color changes could be best pro- 
duced m a cool envnonment rather than by immersion of their hands in ice 
w atei 

A total of 20 cases of rathei severe manifestations of Raynaud’s syndrome 
weie originally seen, and from these five (25 per cent) were selected for 
simpathectomy All these cases occuiied in men It is well to emphasize 
that, although the incidence latio of women to men is 5 1, and a diagnosis 
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of Raynaud’s disease in men sliould be Anc\sed ■with suspicion, the disease is 
hy no means limited to women Evidence to this effect is given b) tlie report 
of Hines and Christensen'* m which 198 (23 per cent) of 847 cases seen 
were men It is an erroi to teach that the disease larely occurs in men The 
cases concerned in this report, conform to the criteiia of Allen and Brown" 
which are (i) Episodes of Raynaud’s phenomenon excited hy cold or emo- 
tion, (2) hilaterahty of the phenomenon, (3) absent or minimal cutaneous 
gangrene, (4) absence of any primary causal disease, and (5) history of 
symptoms being noticed foi tw'o years 01 longer All presented bilateral, 
symmetrical, upper extremity triphasic vasospastic phenomena on exposure 
to cold, and show'ed no evidence of any othei causal condition Tw'o of the 
patients were Negroes (10 per cent) The men varied in age from 23 to 
42 years The duration of symptoms A^aried from two to 15 years, w'lth one 
individual stating that he had noticed blanching of his fingers on exposure 
to cold since childhood All had involvement of both upper extremities, and 
four (25 per cent) had additional involvement of the lower extiemities 
There w'ere no cases of simultaneous involvement of all four extremities as 
an initial manifestation The duiation of the disease did not seem to deter- 
mine its severity, since some w’ere rapidly progressive Exposui e to cold w^as 
the greatest initiating factor, and the critical temperatuie was variously re- 
ported as 57° to 60° F , at which point the vasoconstrictor phenomena w^ould 
be incited 

The physical findings w'ere minimal, although one case show'ed early 
sclerodermatous changes m the digits, and some cases presented rounded 
finger nails and some atrophy of the finger pads All demonstrated adequate 
peripheial arterial pulsations wnth no gross evidence of aiterial insufficiency 
Careful evaluation of psychogenic factors w'as done It is imperative to do 
this since Mufson® emphasizes the psychosomatic distuihance as the mecha- 
nism of Raynaud’s disease, and successfully treated six cases, hy eliminating 
these factors Six cases presented marked neurops} chiatiic distuihances re- 
quiring psychotherapy, and these w'ere eliminated from any consideration of 
sympathectomy 

The vasospastic attacks were studied before, dining, and after regional 
sympathetic ganglion block wuth piocaine, utilizing oscillometi ic and thermo- 
couple determinations before and after block, and before and during exposui e 
to cold environment In the upper extremity, stellate ganglion block w’as em- 
ployed in three, and dorsal sympathetic ganglion block in two of the operative 
cases, and no paiticular advantage of one method over the other was noted 
For the sake of simplicity, stellate ganglion block has been routinely used to 
evaluate the othei cases In every instance the resistance to cold exposui e 
increased, and although the local response to cold, as emphasized by Lewus,® 
still could occur, iccovety^ from the vasospastic manifestation in the blocked 
extremity was much swifter than the opposite one under identical conditions 
It IS recognized that there is an active controversy between the supporters 
of the conception of increased sensitivity of the sympathetic nervous system 
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(vasomotor theor} ), as advanced by Ra}naud in 1862/® and the gionp favoi- 
ing the local fault theory of Lewis All tuenty cases weie examined and 
some treated duimg the moie severe manifestations, by sympathetic ganglion 
block, and it is worthy of note that even the mild cases improved subsequently 
Whether the manifestation of Raynaud’s phenomenon is one of local 
fault^’ or a consequence of more central vasoconstrictor influence^® is 
difficult to decide It is quite reasonable to assume that the manifestations 
of Raynaud’s phenomenon are probalsly a combination of the two factors It 
IS interesting to note that Lewis (1936)® recognized pi eganglionic sympathec- 
tomy to be moie effective than ganghonectomy, for the lelief of vasospasm 
Some investigators^'^ who suppoit the theoi}'’ of Lewis, that Raynaud’s disease 
IS primarily a local disease of the digital aiteries, advocate operation, because 
paralysis of the vasoconstrictor neives results in increased caliber of the 
denervated arteiies Local spasm, which may take place following sym- 
pathetic denervation, consequently, should be less damaging since the lumina 
of the vessels involved are largei On this basis, nine preganglionic cervico- 
dorsal sympathectomies weie pei formed upon five of the more severely pro- 
giessmg cases in this gioup, with satisfactory results in four and partial 
failure m one It is to be emphasized that out of a group of 20 such cases, 
15 were treated medically with excellent results, and this is the treatment of 
choice in the mildei cases That the medical treatment of Raynaud’s disease 
is not entirely satisfactoiy is stressed by Allen, Barker, and Hines They 
feel that the suigical treatment with sympathectomy still remains the most 
satisfactory method of tieatment m Raynaud’s disease At the Mayo Clinic 
only progressing lesions are operated upon Results at the Mayo Clinic in 
upper extiemities m the early or moderately advanced cases are as follows 

1 In a small peicentage of cases (10-15 per cent) complete and peima- 
nent relief has been obtained 

2 In about half, good but not complete relief has been obtained 

3 In the remainder theie has been no rehef, or if lelief has resulted, it 
has persisted for only a few months or a year or two 

In the advanced cases, gratifying healing of tiophic lesions has been obtained, 
but relief of the Raynaud’s phenomenon has usually not persisted, and eventual 
advancement of the sclerodeimatous changes has not been pi evented 

One of the most optimistic reports published, concerning the surgical 
tieatment of Raynaud’s disease, is that of White and Smithvick^® in which 
93 upper extremities were denervated for primaiy vasomotoi disorders, ^^lth 
good results in 65 (70 per cent) Shumacker^" reported 26 sympathectomies 
on 13 patients with vasospastic diseases Eight were 111 patients suffering 
from the common type of Raynaud’s disease, and he felt that the procedure 
was very beneficial Other reports have not been enthusiastic Johnson’ - 
studied five cases which had sympathectomies for Raynaud’s disease In 17 
to 35 days, the circulation, as tested by finger volume pulsations, returned to 
previous levels, although temperatures remained elevated and the absence 
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of sweating peisisted He does not favor sympathectomy Fontaine, Forster, 
and Stephanini,^® lepoitmg the late lesiilts in three cases, found improvement 
m two following hilatei al splanchnicectomy, upper lumbai sympathectom) , 
lemoval of the left adienal gland, and extirpation of both stellate ganglia 
They came to the conclusion that the disease must be associated with the 
autonomic function of the arterioles and capillaries They believe that the 
surgical piocedures aie done too fai away fiom the seat of the abnormal 
vasoconstrictor phenomena 

The failure of the surgical treatment of Raynaud’s disease in ceitam cases 
is usually in the uppei extremity, as occurred m one of my cases, and has 
been attributed to a vaiiety of causes Although there is remaikable unaniniit\ 
as to the suigical proceduie foi lumbar sympathectomy, concerning the extent 
and location of resection, this is not true m the upper extremity The ciux 
of the matter appears to be whether the first thoiacic nerve contributes sym- 
pathetic fibers directly to the stellate ganglion This point has been raised b\ 
the studies of Kuntz^** and his cow'orkei s,-° who feel, on the basis of animal 
experimentation and clinical observation, that the first thoracic nen’^e con- 
tributes sympathetic fibeis diiectly to the stellate ganglion and the uppei 
extremity, and following functional reorganization of pathw'ajs after pre- 
ganglionic cervicodorsal sympathectomy, theie is frequently failure of the 
operation They are of the opinion, that the attempt of Telford"^ and Smith- 
wick"^ to avoid adienin sensitization of the vasculai musculature in a sym- 
pathectomized extremity by the preservation of the first thoracic nen^e thus 
retains these fibers and accounts foi failuies The phenomenon of sensitiza- 
tion has been extensively studied by Cannon and his collaborators,-^ and has 
been investigated particularly in Raynaud’s syndrome This sensitization 
IS less marked if a preganglionic section is done leaving the ganglion cells 
with their axons intact The view taken by Kuntz is supported by the ob- 
seivation of Ray, Hinsey, and Geohegan-’ who made observations of the 
“Distribution of the Sympathetic Nerves to the Pupil and Uppei Extremitv 
as Determined by Stimulation of the Anterior Roots in Men ” Othei factors 
to be considered are sympathetic neive legeneration,-*’* recovery of intrinsic 
peripheral vascular tone, the role of sympathetic vasodilator pathw'ays, mul- 
tiple arteriovenous shunts, humoral and metabolic control of the circulation 
through denervated vessels, abnormal spasm of the penpheial vascular bed, 
and the possibility that the decentralized ganglion in pieganghonic sympathec- 
tomy may be the source of vasoconstnctoi tonus, and thus not produce a 
maximal desirable result 

The preponderance of surgical opinion favors the use of preganglionic 
sympathectomy, and this is the method that I have utilized in five cases 
(nine extremities) of Raynaud’s phenomenon The extent of sympathectomy 
can be easily determined postoperatively by the use of the electrical skin 
resistance determinations or the performance of a sweating test This 
method has been utilized frequently in the cases being reported in order to 
ascertain accurately the extent of the sympathectomy The extent of denerva- 
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tion IS uniform in the upper extremity by employing the method of pregan 
glionic sympathectomy as reported by Smithwick*- The results of sym- 
pathectom}'’ in Ra3’-naud’s phenomenon m four cases were excellent, but there 
was a poor result m one case m which the reaction to cold was still severe, 
although there was a more rapid return to normal after exposure to cold 
on the sympathectomized than the unsympathectomized side It is felt that 
a conservative attitude toward the surgical treatment of Raynaud’s disease is 
m order, and that sympathectomy should be employed only in the severe and 
piogressive cases, particularly with early sclerodermatous and ulcerative 
changes 


ATYPICAL CAUSALGIA 

There veie six cases in this group worthy of consideration, upon whom 
one cervncodorsal and five lumbar sympathectomies were done Despite en- 
thusiastic reports to the contrary,-^' I have not been impressed by the 

lesults in lesions m the lower extremity associated with edema The cases of 
true causalgia m which the discomfort is limited to the anatomic distribution 
of the involved nen'-e^^> were excluded One is impressed by the disap- 
pearance of many of the painful manifestations, and where the lesion appears 
to be one principally of vasoconstriction with sensitivity to cold, the response 
is excellent I have had occasion to see a considerable number of unilateral 
lymphedemas of the upper extremity ivith extreme tenderness of the extremity 
A case w'hich responded dramatically to sympathectomy is as follows 

(A S C ) A wliite man, age 26, was exposed to poison oak and developed sufficient 
cutaneous reaction to require hospitalization After the dermatitis had subsided, he 
noted his right hand had become stiff, and soon thereafter the fingers became cold, 
swollen, painful, and tender He received hot soaks, physiotherapy, and whirlpool, as 
well as contrast baths and massages, but to no avail He was first seen by me three 
months later with evident pitting edema of the entire hand and fingers, marked mottling 
of the skin, and trophic changes in the fingernails He experienced considerable pain on 
exposure to cold, and there was marked tenderness to touch There was no clinical 
evidence of arterial insufficiency, and the oscillometnc readings were equal at the wrist 
Roentgen-ray films of the hand showed coarsening of the bony trabeculations He was 
treated unsuccessfully as regards the primary findings, over a prolonged period by 
elevation, compression, physiotherapy, and active exercises Neuropsychiatric evaluation 
ruled out a major psi-^chosomatic factor On exposure to cold, it was noted that the 
cyanosis of the skin became greatly exaggerated, and this was w'ell controlled temporarily 
by stellate sympathetic ganglion block Since the results were only temporary, a cervico- 
doisal preganglionic sj’mpathectomj’- w'as done This resulted in dramatic disappearance 
of the pain, sw’elling, and ci'anosis There was also gradual improvement and finally 
disappearance of the stiffness of the fingers Subsequent follow-up, one j'-ear later, showed 
the individual to be completeh rehabilitated 

This case demonstrates the effectiveness of sympathectomy m ameliorat- 
ing these at)'pical causalgic manifestations, following almost insignificant 
trauma, which if allowed to progress will result in 11 reparable and almost 
complete disability Great care must be taken to evaluate any psychosomatic 
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component which might account for the unilateral lymphedema This has 
been observ’-ed as a hysterical manifestation, which responded completely and 
immediately to narcosis and psychotherapy These cases, however, usually 
refuse to move their extremity, or allow it to be touched, and have edema of 
the entire extremity, wdiereas the reported case presented a localized type 
of swelling 

Obviousty all cases presenting marked vasospastic phenomena do not re- 
quire sympathectomy A man (S) aged 30, white, Mas seen, complaining of 
coldness and paresthesias of the left loMer extremity A ruptured meniscus 
had been excised from the left knee four months previously The left foot 
Mas colder than the right, and the peripheral arterial pulsations Mere slightly 
diminished on the involved side The left knee joint appeared satisfactory, 
and there Mas no evidence of a primary nerve lesion or thrombosis Exam- 
ination of the extremity under standard conditions of temperature (68° F ) 
and humidity (50 per cent) demonstrated that the left foot Mas 7° cooler than 
the right Left lumbai sympathetic ganglion block produced immediate rise 
of temperature to the extent of 18° F All the sjinptoins promptl)’- disap- 
peared, and there has been no lecurrence of the condition This obviousty 
represents a case in Mdnch there M'as a primarj vasospastic phenomenon 
M'hich responded satisfactorily to lumbar sympathetic ganglion block 

The majority of cases followed minoi trauma, such as a rather insignificant 
fiacture, minor shrapnel M'ound, or exposuie to environmental trauma (der- 
matitis) All lesponded excellently to sympathectomy except those associated 
with lymphedema of the loMer extremity In tMO cases in this group, both 
folloMing fracture of malleoli M'lth prolonged incapacitation before being seen, 
lumbar sympathectomy was unsuccessful in controlling the edema, and in one 
case, the pain The mechanism of this failure must be related to a prolonged 
state of vasospasm resulting in persistent edema and finally fibrosis Mith a 
more or less fixed edema One patient presented ulceration over the mal- 
leolus, Mdnch healed folloMung the sMiipathectomy but the edema did not 
subside, and both patients aie still incapacitated This points to the fact that 
these cases must be operated upon early to achie\ e a satisfactory result In 
the late stages, this edema can be controlled bv elastic support and ele\ation 

The mechanism of these sequelae to tiauma have been vaiiously ex- 
plained by the concept of the internuncial pooF"^’ and the Loven reflex 
The concept of the inteinuncial pool as advanced by Lorente de and 

adopted by Livingston^^ is based on the premise that a prolonged bombard- 
ment of painful impulses sets up a vicious cj^cle of reflexes spreading through 
a pool of neuron connections Because of the summation pimciple of nerve 
impulses, there is kept alive Mithm such a pool a constant circling of activity 
across the synapses involved The afferent patliM^av is represented as the 
sensory nerve fibers traveling in the posterioi root As a consequence, the 
abolition of pain and vascular spasm and its sequelae results from the intei- 
ruption of the efferent sympathetic pathways leading from the pool when 
ganglion block or sympathectomy are employed The vicious leflex is thus 
interrupted Muth beneficial results 
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1 Experiences with ten cervicodorsal and seven lumbar preganglionic 
sympathectomies m five cases of Raynaud’s disease, six cases of at3^pical 
causalgia, and two cases of cold sensitivit}'- and pain after ligation of mam 
vascular channels are related 

2 The feature of sensitivity to cold, which is a predominant manifesta- 
tion of vasospastic disorders, is emphasized Eight}'’ per cent of patients re- 
quiring sympathectomy, in the author’s experience, have piesented this as an 
initial and predominant manifestation Ceitainly, primary vasospastic con- 
ditions should demonstrate this more frequently than any other vasculai 
disease 

3 One should not teach that Raynaud’s disease rarely occurs m men A 
group of 20 cases in men with typical manifestations are reviewed 

4 The results of preganglionic sympathectomy in Raynaud’s disease have 
been excellent, with a poor result in one case Surgical treatment is desirable 
only after careful evaluation and only m severe progressive manifestations 

5 Sympathectomy for atypical causalgic manifestations has resulted m 
excellent recovery except AAhere the lesions were associated with edema of 
long standing in the lower exti emity 
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MULTIPLE INTUSSUSCEPTIONS, DIRECT AND RETROGRADE, 

OF TRAUMATIC ORIGIN 

William H Falor, M D 

AicnoN, Ohio 

Acutc iNiLssuscEPTiON comiiionly is a disease of infanc), however, it 
may occui at any a^e and as Miller^ states it "may develop at any level in 
the ahmentaiy tiact, ma\ be single or multiple, descending or retrograde in 
type, and have as its basis a wide range of pathologic conditions — ” Multiple 
areas of intussusception, letrogiade intussusception, and traumatic intus- 
susception are each a larit} the combination of these lesions in one case forms 
the basis for this case report and review' of the literature 

1 SOLITARY ARE\S OF RETROGRADE INTUSSUSCEPTION 

Groper- classified letrograde intussusception according to the aiea of 
intestine involved He included (1) jejunogastric, (2) enteiic, (3) ceco-ileal, 
and (4) colic intussuception Ba’iinan' states that the ratio of retrotrade to 
direct intussusception is 1 200 

A Jejuuogast] ic Intussusception Though gastio-enterostomy has been 
performed since 1881 the fiist case leport of retrograde intussusception of 
the jejunum into the stomach did not appear until 1917 (Adams, 1935) ‘ 
Since that time Becker,’’ Debenham,® Drummond," and otheis® ha\e reported 
cases Though the etiology remains obscure no cases of traumatic origin 
have been recorded, and so the entity w'lll not further be considered in 
this report 

B Entcnc Intussusception, Ibos and Legrand-Desmons,'’ Ladd,^” 
Caminiti,^^ and many otheis have repoited cases of solitaiy letiograde enteric 
intussusception Homans^- reported the following inteiestmg case of recur- 
lent retrograde intussusception m an Armenian girl On initially exploiing 
her the piocess “was easily i educed,” how'evei during her hospital stay she 
suffered recnning episodes of abdominal distiess similai to that experienced 
prior to suigery He continues, “She was thin and had a long mesentery so 
we advised her to fatten up if possible ” Tbe patient gained w eight but 
returned in six months w'lth similai complaints and a “pulse not over go and 
a high white count, vomiting veiy little, the bow'ds moving eveiy day ” She 
was observed and finally reopened by Doctor Cheever who found “an intus- 
susception in the upper intestines w'hich he w-as foi ced to resect ” There w'as 
no tumor, and both the initial and the lecurring intussusceptions were in a 
retrograde direction Doctor Homans concluded "There seems to be no 
possibility of preventing such a strange condition ” 

MjtchelF^ reported the successful lesection of a gangrenous letrograde 
ileo-ileal intussusception that w'as found in a 15-year-old girl Symptoms of 
tw'O days’ duration preceded the operation, and no tumor 01 othei abnormal 
local condition was found to explain the lesion 
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Recently, Lannon^^ and Culiner reported a retrograde intussusception in 
a ten-month-old malnourished child The duodenum, pylorus, and lesser 
cuivature of the stomach were mvaginated into the lower esophagus, and 
death resulted from the obstruction 

C Ceco-IIeal Infnssusceptwn Of Groper’s^ 4 classes of reverse intus- 
susception ceco-ileal apparently is the most rare Thorek and Lorimer^^ per- 
formed a right hemicolectomy for a letiograde ceco-ileal intussusception 
Carcinoma of the cecum mvaginated into the dilated, chionically obstructed 
ileum, resection was followed by recoveiy 

McSwam^'^ repoited a case of retrograde intussusception of the appendix, 
so that apparently an}^ of the mobile segments of the gastro-intestmal tract 
may be the site of this process 

D Colic Intussusception Balfour^" in 1918 described a retrograde intus- 
susception of the sigmoid colon A pedunculated malignant papilloma was 
found at the apex of the intussuscipiens Balfour then observed the reforma- 
tion of the retrograde intussusception as “the tumor w'as again drawm upw'ard 
b}^ powerful antipei istaltic contractions of the proximal sigmoid, these con- 
tractions extending upward foi a distance of fiom 12 to 14 inches above the 
site of the tumor ” “The process of invagination, begun in this manner, 
continued until the portion of the bowel containing the tumor w^as drawm 
upw'ard and completely engulfed by the proximal segment ” 

Sussman^® repoi ted a case in wdiich a lipoma of the splenic flexure w^as at 
the apex of a retrograde intussusception In Lewis’^*^ case a 20-inch long pelvic 
mesocolon was indicted as allowing an extensive sigmoid colon invagination 
Schoenfeld-® reported a similar case m a four-month-old child Fleming^^ and 
Lazarus-2 have also reported cases of colic letrograde intussusception 

II Multiple Intussusceptions, Duect and Retiograde Multiple areas of 
intussusception were piesent in but 12 of the 1000 cases reported by Fitz- 
wnlliams, and m but thiee of Ladd and Gross’^® 372 cases Kahle^^ m a senes 
of 15 1 cases reported three instances one case had six separate enteric and 
one ileo-cecal mass, and another case m a 21-month-old infant had two 
separate areas of retrograde intussusception GilF^ reported that m a 19- 
month-old female child “six or seven separate ileo-ileal intussusceptions were 
found close together” , the proximal invagination caused complete obstruction 
and w'as the only area to show^ signs of bow el w'all congestion Baron^^ found 
five separate areas of intussusception m a tw o-3^ear-old boy These areas 
averaged i 3 cm m length and occurred wuthm a 25 cm length of jejunum 
Badertscher, 2 ' Le Conte, 2® and others 2 ^-'^®' have leported single cases, one 
of Todyo’s^® three cases is unique enough to deserve description A 20-year- 
old Japanese man with a strangulated inguinal hernia was operated 12 hours 
after the onset of symptoms Resection of gangrenous intestine 12 1 cm above 
the ileo-cecal valve was performed, and further examination revealed ten 
separate areas of intussusception m the proximal intestine Most of these w^ere 
retrograde and some w ere superimposed , they w ere reduced without difficulty, 
and the patient was discharged on liis i6th postopei ative day Twenty-four 
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days later severe abdominal pain recurred and celiotom)’- revealed that the 
lower end of the ileum was strangulated by a band The band was severed , 
“at this time multiple intussusceptions were again found in different portions 
of the small intestine, the uppermost one, 155 cm below the duodeno-jejunal 
flexure, showing a retrograde, and usual (downward) intussusception at 
the same time ” Todyo continued “Four others were found in a very early 
stage of development of an invagination, each showing a img-hke fold of 
the intestinal wall (Fig i, b ) They weie all reduced ” 


III Contiguous Dnect and Retiograde Intussusception The varieties of 
contiguous dnect and retiogiade intussusception are illustrated in Figure i 

Other variations m the living are pos- 



C ^ B C from lntt4*su8c«ption iiy T*L.Hipsley M p) 


Fig I — Contiguous direct and retro- 
grade intussusception A Initial direct in- 
tussusception (to the right) then passes in 
a retrograde direction B Variety found in 
case herein presented C The retrograde 
portion enveloping the direct process D 
Similar to C, except for the inclusion by 
the direct of a portion of the retrograde 


sible, however, none were found in the 
literature The entity was titled “re- 
verse type intussusception” by Broeq,'*' 
and “double intussusception” by 
MitchelF- and Hipsley,'*® both of 
these terms are loose, and in this re- 
port ‘contiguous direct and retrograde 
intussusception’ is used collectively to 
describe the ttpes illustrated in Fig- 
ure 1 Clubbe'^3 very briefly mentions 
a variety of such a combination in a 
child in whom an ileocecal invagina- 
tion upon reaching the descending 
colon apoeai ed — "to form a retrograde 
movement cn nwiie and to be invagi- 
nated into the colon higher up the 
bowel So, in reduction, pressure first 
in one direction then in the onposite 
was necessar}’- ” (Fig 1 , a ) 


Catz'*^ leported several cases similar to that described by Power (Fig 
I, c) as well as cases in which the direct and retiograde intussuscipiens met 
head on, as in the case reported later in this article, (Fig r, b) 

Buckley^^ reports the occurrence in a two-year-old child of a direct ileo- 
cecal intussusception having then invaginated into an adjacent retrograde 
intussusception of the transverse colon. Fig i, c Redundancy of its mesentery 
allowed the cecum to be placed in any abdominal quadrant Wells^® reported 
two similar cases in which the ileocecal intussicipiens had progressed so as to 
be felt at the anus A 1 everse intussusception of the sigmoid colon outside the 
former mass was found to extend to the splenic area of the mesocolon D’Arcy 
Powei’s^'^ case had, in addition to the envelopment of the direct intussuscep- 
tion by the retrograde process, the entire mass in tin n recessed into a second 
retrograde intussuscipiens He concluded that “The third invagination 
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much smallei and was foimed after death by a wrinkling of the bowel ” The 
direct piocess in this case measuied thiee and a half inches and the letiogiade 
two and a half inches Powei adds “ I believe it to be an example of an 
intussusception which is by no means uncommon It is a paiticulaily deadly 
vaiiet}, fiist, because distention of the colon has no effect upon it, and sec- 
ondly, because aftei a lapaiotomy, any attempt to i educe the intussusception 
tends to inciease the letrograde invagination and so make matters woise 
Moutaid Mai tin, Knaggs,'^’^ and RyaiP® leport similar cases 

In the cases of Klebeig'"® and of Sainet^^ the descending intussuscipiens 
enveloped the letiogiade mass (Fig i, d) 

IV Tiamnalic Intussusception Leichtenstein"’" m 1873 lepoited a senes 
of 326 cases of intussusception in whom theie was available a thoiough his- 
tory, of these 26 or 8 per cent had a definite histoiy pointing to tiauma as 
the etiologic agent He stated fuithei that “The first symptom of the intestinal 
invagination usually followed the tiaumatic efiect immediately ” In the 26 
cases contusions of the abdomen accounted foi 14, and concussions or seveie 
physical exertion was indicated m the lemaming 12 Eliot,^® Haun^^ and 
othei s*^^ have contiibuted lepoits in which a sudden inciease in intra- 

abdommal pressuie has apparently caused an intussusception Hipsley*'-^ 
reported 100 cases of intussusception and stated that “several of the cases 
began immediately after a fall out of a perambulator 

Instances of multiple areas of intussusception following tiauma have also 
been described Le Conte^® in 1898 tieated a mne-y ear-old boy who had been 
stabbed m the left side of the abdomen Celiotomy revealed a direct jejunal 
intussusception about one inch long About two feet distal to it two additional 
invaginations weie found, one direct and the other retrograde, each was 
about ^ inch long (Fig i, b) No signs of inflammation, congestion, 01 
change in the color of the intestine were present, and reduction was accom- 
plished by very light traction W C Peters^® found three separate areas of 
intussusception m an eight-year-old boy who had suffered an abdominal 
injury in an auto accident Badertscher^" reported a similar case in a nme- 
yeai-old boy whose lower abdomen was run ovei by two wheels of a truck 
This child had thiee typical aieas of intussusception 

Case Report — G E N , technician 5th grade, 104th Infantry Division, vicinity 
of Duren, Germany, January 9, 1945, at 6 30 pm while manning a jeep-mounted 30- 
cahber machine gun, was struck in the left lumbar area by a fragment of an aerial bomb 
that detonated some 10 yards away Presumably the bomb was a 200-250 Kg anti- 
peisonnel missile, and the effect of the combined blast and shell fragment was to knock 
GEN from his weapon He estimated that he was able within a matter of several 
seconds to rise and aid 2 mortally wounded comrades to places of safety some 50 feet 
distant He subsequently collapsed and during the next 8 hours’ evacuation leceived 
2 units of plasma in both the collecting and in the clearing stations On admission to the 
Shock Ward of the 53rd Field Hospital, 2nd Hospital Unit, Eschweiler, Germany, he 
was found by Captain J O Price to be in moderate shock and in the next 30 minutes 
was given 1000 cc of blood Physical examination revealed a i cm m diameter per- 
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forating wound of tlic left upper lateral gluteal area with a 3 cm in dnmetcr wound of 
exit at the left pubic tubercle This latter area was filled with blood clot Circulation 
of the left lower extremity was normal There was no evidence of a "blast injury” to 
the eyes, ears, or lungs (physical examination and roentgen-ray) Roentgen-ray rc\ealcd 
a compound fracture of the left acetabulum and pubis At 3 30 A m (9 hours post- 
injury) on Januarjf 10, under intratracheal gas-oxj'gen-ether anesthesia (administered 
by Capt Alvin Leonard) a left lower rcctus-sphttmg celiotomj was performed by Major 
L L Hall and myself A seveic lacciation of the sigmoid colon, an incomplete transection 


- - I‘-J'-inurr>. 



Fig 2 —Multiple areas of direct and retrograde intussusception A Sagittal section 
of type of invaginations found m areas ai, a>, and as B Classical intussusception 
sagittal section of invagination found in area bi 
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of the external iliac \ein, and a transection of the inferior epigastric artery were dis- 
covered, and these lesions were repaired The gastro-intestinal tract was then further 
examined Located in the mid jejunum was a 3 5 cm long area of intussusception (Fig 
2) Lower in the jejunum and in the ileum were 3 areas of a Fig i, type b, contiguous 
direct and retrograde intussusception The mvaginated areas each measured about 2 cm 
in length and weie milked out with a moderate degree of difficulty A transitory slight 
blanching of the intussuscipiens was noted There was no peristaltic effort made to 
reform these aieas nor was there any apparent abiiormality m the small intestine The 
appendix had been remo\ed in 1937, and the patient stated that the only abnormality 
found at that time w as that his appendix “was behind the colon ” 

Convalescence was uneventful, and the patient was evacuated on his 17th hospital 
daj’" His colostom} Avas subsequently repaired and when heard from on April 10, 1947 
he was in good health, had had no recurrence of any gastro-intestinal disturbance, and 
was attending college Never in his life had there been signs or symptoms suggestive 
of a disturbed autonomic nerve balance 

DISCUSSION 

It IS held that trauma was the etiologic agent in this instance of multiple 
area of direct and retiograde intussusception Presumably in this case the 
nerve tension of battle caused a violent central (Bockus^®), and adrenergic 
stimulation of the sympathetic neives of the gastro-intestinal tract with a 
resultant spasm of the sphincteis and segmental spasm of bowel (Mc- 
Swiney®^®) The abdominal wall blast, though the positive wave was applied 
to the patient’s side and to his back, gave rise to enough increased peritoneal 
cavity piessuie to drive many spastic areas into adjacent areas of relative 
dilatation The effect of the fall to the floor of the jeep would have the same 
effect Of more than academic interest, too, would be the knowledge of 
what is the effect of some of the more highly seasoned of the K and C rations 
on the intestinal motility, this patient was injured only a few minutes after a 
meal of one of those stock front line rations 

One might well question why, if of traumatic oiigin, this should be the 
only case report to be found m the voluminous hteiature welling from this 
War, this was the sole instance of such a finding in our oaau review of 1,063 
acute war wounds of the abdomen and chest Thus, it must be admitted 

that more factoi s than trauma alone are involved, viz , the factors of a recently 
ingested meal, severe fright, and the still possible existence of some autonomic 
nerve imbalance m the soldier Yet, it seenis appaient that without trauma 
as the tnggei mechanism these other factors never would have produced the 
remarkable lesions 


CONCLUSION 

A review of the literature and a case report is presented of multiple areas 
of direct and retrograde intussusception of traumatic origin 
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Carcinosarcoma has been reported in man}' organs but the site ol pre- 
dilection IS the uterus Robert Me3'er’ divides it into tbiee groups (i) col- 
lision tumor, m which a carcinoma and a sarcoma arise at different sites and 
fuse by growth contiguit}’^ , (2) combination tumor, 111 which the two malignant 
elements are derived from one stem cell, as in the Wilms tumor, (3) compo- 
sition tumor, in which parenchyma and stroma of a single tumor become neo- 
plastic Jaffe^ W'ould limit the term carcinosarcoma or sarcocarcmoma to the 
last group and it is so used in this communication 

The carcinosarcomatous nature of uterine tumors has been questioned by 
several observers Saphir and Vass\ in a review' of 36 cases from the litera- 
ture, stated that perhaps three or four may possibly be so designated but do 
not fully accept them Outerbridge'* believed that there wasAno such entity 
as "carcinosarcoma ” Wilhs° in 1924, stated that in human pathology, there 
was no acceptable example of a sarcomatous change in the stroma of a tumor 
Pitfalls in the diagnosis have been pointed out by many observers, the chief 
one being the marked polj'moi phism of carcinoma cells^’ which, when 
anaplastic, can closely resemble sarcoma cells Saphir and Vass also stress 
other features w'hich may cause difficulty — chronic inflammatory cells in the 
region of the tumor, a histor)' or histologic evidence of irradiation therapj , 
and the fact that of the reported cases, none have had metastases show'ing the 
combined feature, the malignancy has been either pure carcinoma or pure 
sarcoma 

The development of carcinosarcoma is explained by Jaffe as due to three 
possible mechanisms ( i ) the primary tumor is carcinomatous and the stroma 
develops sarcomatous features, (2) the sarcoma is first and is follow'ed by 
carcinomatous changes, (3) both blastomatous elements develop simultan- 
eously Ewing® believed that at the point where a sarcoma reaches the en- 
dometrial surface, carcinoma could develop secondarily or that a common 
irritant could produce neoplastic changes in both elements It is well known 
that such tumors occur in animals both spontaneously and under experimental 
conditions Our interest in carcinosarcoma of the uterus w'as aroused by the 
following two cases w'hich came under observation 

* Since this article was written, the report of Stem (Monatschr f Geburt u 
Gynak 36, 417-438 1912) has become available He reoorted a case of a 46-year-old 
woman with adenoacanthosarcoma, associated with adenomyosis of the uteiiis and 
having extensive sarcomatous abdominal metastases 
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CASE REPORTS 

Case 1 — The patient, a white woman 63 years old, was first admitted to Doctors 
Hospital on July 31, 1945, because of metrorrhagia of three months’ duration Meno- 
pause had occurred 10 months pieviously Since the onset of the current illness, theie 
had been periodic spotting and bleeding, without any weight loss The only other features 
of note weie chronic constipation, slight exertional dyspnea, palpitation, ankle edema and 
frequent headaches 

Examination revealed an elderly obese woman, not acutely ill, whose heart was 
slightly enlarged with a soft systolic apical murmur, a blood pressure of 190 systolic 
and no diastolic and a slight albuminuria Otherwise there was nothing of note 



Fig 1 — Case 1 Retroperitoneal sarcoma X 600 


Curettage gave considerable amounts of papillaiy cauliflower tissue, obviously 
malignant, so hysterectomy was performed The histologic diagnosis of endometrial 
carcinoma was made by one of us (JRL) The uterus was enlarged and distorted by 
many intramural fibroids, the largest 3 ems The endometrium showed only the changes 
seen after curettement The fibroids showed only the usual changes, there was no 
evidence of malignancy During the postoperative course, pyuria and albuminuria 
developed She was discharged August 12 

*- Thanks aie due to Dr John H Garlock for the clinical data of this case 
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About SIX weeks aftei ka\ing the hospital, signs of peritoneal irritation devel- 
oped and a mass in the right lower cjuadrant which rapidlj increased in size There 
was no weight loss She was readmitted to the hospital on December 12 <\ large hard 

nonpamfiil, nnntcndcr mass about the size of a fetal head was palpable m the lower 
abdomen, apparenth semifixed and somewhat globular There was a moderate anemia 

At operation, a large retroperitone il mass filled the right lower quadrant, was 
bluish m coloi and eonsisted of gi unions material with soft white masses of fish-flesh 
appeaiance There was excessive bleeding Death occurred Jantiaiv i, ioq7 Autopsj 
was not obtained 



Fig 2 — Case i Curettings show- 
ing atypical malignant epithelial sur- 
face cells and atypical stromal cells 
with atypical triangular mitosis, indi- 
cated by arrow X 600 



Fig 3 — Case i Curettings show- 
ing the single lajer of carcinomatous 
cells and the atypical hyperchromatic 
stromal cells X 600 


Microscopy of the retroperitoneal mass showed typical sarcoma (Fig i) Re-exam- 
ination of the previous curettings revealed a feature which had been ov erlooked In addi- 
tion to the carcinomatous epithelium, the stroma consisted of atvpical cells showing 
marked variability in size, hyperchromatism of nuclei and atypical mitoses (Figs 2 and 3) 
Fvial Diagnosis — Carcinosarcoma of the endometrium with retioperitoneal metas- 
tatic sarcoma, multiple fibromyomas of uterus 

Case 2— The patient was a 54-year-old white woman of U S nativity admitted 
to Goldvvater Memorial Hospital, service of Dr Conflict W Cutler, Jr , on January 24, 
1946, because of vaginal bleeding The current illness began suddenly four days pre- 
viously with lower abdominal cramps followed by v'aginal bleeding increasing in severity 
until a few hours previous to entering the hospital 

Menses began at 9. occurred every 20 days and lasted for five days with a moderate 
flow There had been two normal pregnancies At 44, there were periods of vaginal 
bleeding lasting for weeks, interrupted by a few free days An artificial menopause was 
induced vv^ith radium During this j^ear and the next, there vv^ere attacks of prolonged 
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vomiting of undetermined origin Until the age of 47, vaginal bleeding ceased, to reap- 
pear two to three times annually for the next three years The bleeding episodes were 
painless , discharge had never been noted Until the current illness, she had remained 
asymptomatic 

There was a past history of mild cardiac failure, a moderately high tension for 
many years and attacks apparently of gallbladder disease with right upper quadrant pain 
and marked idiosyncrasy to fatty foods At 27 , she had an appendectomy and right 
ovariectomy and at 31, pneunioiiia, empyema and a period of observation at Saranac At 
43 , the gallbladder had been removed During the last few months, theie was vague 
costovertebral angle pain and some weight loss 

Physical examination showed a plethoric, intelligent, white woman The right lower 
quadrant was tender, had slight spasm on deep palpation and a sense of fulness but 
without definite mass Vaginal examination showed a normal cervix Further gyneco- 
logic examination was not earned out foi fear of precipitating further bleeding The 



Fig 4 — Case 2 Endometrial surface showing glands lined by atypical cells and 
deeper areas with malignant squamous metaplasia One gland has both types of malignant 
cells X 90 


Fig s — Case 2 Endometrial stroma with large hypei chromatic macronuclei X 400 
general examination showed a heart with an apical systolic murmui, an accentuated 
second aortic sound, no evident enlargement, blood pressure 200 systolic and 105 diastolic 
Clotting time was 3 mm , bleeding time i min Other laboratory tests showed nothing 
of note 


Lapaiotomy was performed on January 25 A large semicystic boggy uteius about 
the size of a three months’ pregnancy was found and removed supracervically The stump 
was quite friable 


The postoperative course was uneventful and she was discharged on the 17th 
hospital day 

Pathology Report — The uterus, 9x65x9 ems is removed supracervically with 
the left tube On opening it contains a degenerating semigelatinous gray-brown mass 
which IS adherent in onlv a few areas and generally separates with ease, leaving a 
relatively irregular firm surface The wall measures i cm in thickness 
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Miaoscopy — The cndomctiial glands and surface arc lined b\ neoplastic tall 
columnar cells The glands penetrate deeply into the wall, where thc\ preser\e their 
architecture and have pronounced papillation In the endometrium they tend to be some- 
what scantier than usual and ha\e transitions to malignant squamous cells (Fig 4) 
Striking changes are present in the endometrial stroma There are many small hemor- 
rhages, some of which enclose grcatl> dilated capillaries The stromal cells (Tig s) 
tend to be large, many of the nuclei arc h>perchromatic, of increased sire, ha\e macro- 
nucleoli and bizarre mitoses There are several large nests with giant nuclei The 
stromal cells are in sharp contrast with the epithelial cells Reticulum stains show fine 
fibers , in the large nests, they arc extremely abundant Cells similar to those of the 
surface endometrial stroma are not found within the mjometriiim 

Diagnosis — Carcinosarcoma of the endometrium 

Gebhardt® m 1899 appears to have reported the first case of caieinosai- 
coma of the uterus Meyer, after a personal examination of the slides, accepted 
It as authentic Frankel^^* in 1901, reported the second case The jiatient, 
58 years old, for seveial months had profuse vaginal discharge which oc- 
casionall}' w'as bloody The curettings w^eie malignant and hysterectom\ was 
performed There were several m3'omas, the largest show'ing fibrillar sarco- 
matous cells enclosing papillary carcinomatous glands The remainder of the 
endometrium had areas of h3'perplasia, atroph3 or granulation tissue Ten 
months later the discharge recurred and a fiingating tumor de\ eloped m the 
scar She died of peritonitis a few' weeks later Autopsy revealed a necrotic 
carcinoma of the ovary adherent to the bow el w Inch had perforated The 
patient of Bernstein^^ w'as 52 years old Uteiine bleeding, more or less con- 
stant, reappeared at 48, 14 years postmenopausal Curettage two years later 
revealed carcinoma but operation w'as refused Panhysterectom3 was per- 
formed tw'O years afterw'ards, follow'ing an acute episode of intense low-er left- 
sided pain and five w'eeks of continuous vaginal bleeding w ith foul discharge, 
weight loss and anorexia During operation, the uterus toic loose from a very 
friable ceivix and a metastatic mass w'as found in the omentum The uterus 
was enlarged and filled w'lth friable gray material infiltrating the w'all The 
endometrium after cleaning, appeared ulcerated There w'as a diffuse invasion 
by carcinomatous glands and in some areas, closely associated w'lth the car- 
cinoma, W'as myosarcomatous tissue show'ing m3ofibrils and intercellular col- 
lagen , these areas were free of necrosis The author interpreted the sarcoma- 
tous changes as reactive to long standing carcinoma Klee*- reported the case 
of a 58 year old woman w'ho, six years previously, had an artificial menopause 
produced by x-ray therapy for hyperplastic polypoid endometrium proven by 
histological examination The cun ent illness w'as characterized by uterine bleed- 
ing and the curettings were diagnosed sarcoma Panhystei ectomy was per- 
formed The endometrium showed both carcinomatous glands w ith columnai , 
cuboidal and squamous cells and neoplastic stroma having giant cells and in- 
tercellular fibrils The patient was well years later R Meyei’s case*® 
had carcinomatous and sarcomatous changes of the endometrium Horalek** 
reported a case of a 56-3'ear-old woman Menses were regular to the age of 
50, then menorrhagia developed lasting 14 da3's During the last three months, 
bleeding w'as continuous and there were several severe hemorrhages The 
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uteius was enlaiged, modeiately soft and had a cheriy sized polyp piotrudmg 
from the cei vix which showed histologically caicmomatous endometrial glands 
buried in saicomatous stioma Hysteiectomy was perfoimed The endo- 
metrium was diffusely involved by polypoid giowths of similai character to 
that previously examined The patient was well three years later The patient 
of Daniel and Lazaresco^'^, 48 yeais old, one year after menopause, developed 
metrorrhagia followed by increasingly sanguinolent fetid discharge The 
uterus was enlarged to the size of a six months’ piegnancy Total hysterec- 
tomy was performed A peach sized polypoid mass arose by a broad base 
fiom the anteiioi wall, its surface fish-flesh in color There were atypical 
papilhferous glands intei mingled with atypical stioma Various parts showed 
vaiiable degrees of admixtuie Haivey and Hamilton^® reported two cases 
One was an adenomyoma with carcinomatous and sarcomatous changes The 
second was a carcinoma suriounded by malignant stioma They believed that 
the stromal neoplasm developed secondaiily to the carcinoma Dixon and 
Dockerty’s^'^ patient was 34 years of age and two yeais postmenopausal 
Four years previously she had received a half menopausal dose of radium 
following cuiettage, the diagnosis histologically of "endometritis” having been 
made Vaginal bleeding and inteimittent light low'er abdominal and lumbar 
pain occurred a few^ wrecks before she came under observation A polypoid 
mass lesembhng placental tissue pi oti tided through the os Tissue removal 
by curettage w^as diagnosed sarcoma The uteius, lemoved in toto with the 
adnexa, had a sessile polyp aiising just above the internal os and showed 
papillary carcinomatous glands surrounded by neoplastic stroma There were 
many benign fibroids The patient of Barnes^® was 48 yeais old The onset 
of illness w'as three yeais postmenopausal with watery leucorrhea foi six 
months and increasing spotting for six more months Curettings were sar- 
comatous Panhysterectomy w'as pei formed There was found a local endome- 
trial mass showing both sarcoma and papillifeious adenocarcinoma A sep- 
arate myoma was present 

The clinical symptoms of carcinosarcoma of the uterus have no distinc- 
tive features diffeient from any other malignancy Most of the cases have 
occurred after the menopause, whether spontaneous or artificially induced 
In some, the saicomatous change appears to have developed subsequent to 
the caicinoma, as is suggested by the case of Bernstein In all, the sarcoma 
has been of endometrial oiigin It is of interest to speculate on the lole of 
ladiation theiapy in the development of this type of tumor In the cases of 
Klee, Dixon and Dockei ty and our case 2, this type of therapy had been used 
Our knowledge of the late effects of minoi therapy in the human is scanty 
and It is possible that, in susceptible individuals, malignant changes may take 
place aftei a relatively long period 

SUMMABY AND CONCLUSIONS 

The literature on carcinosarcoma of the uterus is reviewed Eleven cases 
aie accepted as authentic and two moie are added All 13 are of endometrial 
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origin All occurred after the menopause The clinical symptomatology pre- 
sents the usual features of uterine malignancy Three cases had irradiation 
therapy previous to the development of the neoplasm and a possible causal 
relation is suggested The sarcomatous change apparently may precede, follow 
or be coincidental with the carcinoma 
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CONGENITAL ABSENCE OF THE GALLBLADDER 
WITH CASE REPORT 
Leopoldo Villareal, M D 

Ei Paso, Texas 

Congenital absence of the gallbladder is a raie anomaly Gross^ in a 
review of the literature in 1936 was able to find only 38 cases reported since 
1905 Since 1936, 13 additional cases-*" have been reported Dixon and Licht- 
man® 111 1945 added ten cases from both operative and necropsy records of the 
Ma} o Clinic This anomaly is probably not as rare as these reports would in- 
dicate Undoubted!} main cases are encountered, nhich are simply not re- 
corded A truer estimate of the incidence of congenital absence of the gall 
bladder mil be reached only if all cases aie repoited This mil also help in 
focusing attention on certain surgical aspects of this condition , as well as aid 
in the study of the patho-ph} siologic changes which take place in the post 
cholecystectoni}" state 

Only the 60 cases reported since 1900, which are available to us, will be 
considered in this review , since many of the cases reported previous to that 
time are lacking in details and found unsatisfactory for analytical study 
Cases of congenital absence of the gallbladder, associated wuth atresia of the 
extrahepatic ducts wull not be considered since they concern an entirely dif- 
ferent problem A case encountered by us w ill be presented 

The causes listed for this anomaly are many Two, however, stand out 
Both of these deal wuth the embryologic development of the liver and bile 
ducts The tw^o theories are as follow's (i) The hepatic diverticulum from 
the foregut forms the liver, gallbladder and extrahepatic bile ducts The gall- 
bladder and cystic duct form an outpocketmg from this diverticulum Failure 
of development of this outpocketmg wmuld cause an absence of gallbladder 
and cystic duct 

(2) The gallbladder, hepatic, cystic and common ducts in their early 
embryologic development are hollow structures In the so-called solid phase, 
their lumina become obliterated Failure of the gallbladder and cystic duct 
portions to recanahze, would cause an absence of these structures 

The condition is more common in wmmen than in men, with 38 cases 
found m wmmen and 23 in men One report did not mention sex This falls 
in line with other hepato-bihary diseases The average age of the patients w^as 
46 )rears 

In 26 of the 60 cases, the condition w^as found at necropsy In not one 
of these cases w^as the cause of death hepatic or cholecystic disease These pa- 
tients apparently had no s} mptoms referable to this anomaly Symptoms sug- 
gestive of cholecystic disease w^ere present in 37 cases Jaundice w^as present 
m 30 cases 
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In 17 cases cholecystographic studies were earned out and failed to reveal 
a gallbladder The diagnosis of nonfunctioning gallbladder and cystic duct 
obstruction was frequently made In no case, to our knowledge, was this 
anomaly diagnosed preoperativel}’’ 

The gallbladder fossa m the liver was present in seven cases and absent 
in 27 In the others it w^as not mentioned The common duct was dilated in 
about 50 per cent of cases in wdiich the size of the duct w'as mentioned Gall 
'•tones were found m the common or hepatic ducts in 18 cases, not found in 
19 cases and not mentioned in 25 cases 



Fig I — Artist’s drawing of findings at operation Wide fibrous band, holding duo- 
denum up to hilar region of liver Hepatic and common ducts readily visualized, with 
stone m the latter No cystic duct or gallbladder outpouching to be seen 


The pancreas should be examined carefully, for Bower° lays stress on the 
frequency of associated pancreatic disease The pancreas was mentioned in 
12 cases, pancreatitis existing in ii of these 

Case Report — ^Hotel Dieu Hosp Case No G 9207 Mrs J C, 41 years old, 
female Admitted to hospital on 4-3-46, with a history that for 4 months she had had 
severe pain in right upper quadrant, requiring morphine for relief The pain radiated 
to the right scapula and right shoulder Associated with the pain, she had fever and 
chills, nausea and vomiting For 2 months she had been jaundiced, on and off, with the 
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jaundice vaiying in intensity' She had lost 25 lbs in weight since tiie beginning of 
her illness 

Her past liistory was essentially irrelevant 

Pftysical cAaminafiou showed a middle aged, moderately obese woman who was 
markedly jaundiced Pulse tempeiature and respiration were within normal limits 








Fig 2 — Cholangiogram, taken on operating table All ducts are readily visualized but no 
vestige of gallbladder or cystic duct is seen 

Sclerae were yellow Examination of the heart and lungs was notmal The abdomen 
was soft, with tenderness in right upper quadrant There were no palpable masses The 
li\er was moderately enlarged, with edge two fingers breadth below costal margin Spleen 
was not palpable 

Gallbladder visualization studies showed no gallbladder shadow and no stones were 
seen on the plain film The radiologist made a diagnosis of gallbladder disease with 
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cystic duct obstruction Her laboratory studies showed RBC 4,770,000 Hgb 96 8 per 
cent WBC 8250 62 per cent polymorphonuclears Negative Kalin and Eagle Urine 
showed 2 + bile pigment and trace of albumin Prothrombin time was 30 sec (normal 
15 sec) All other laboratory studies were normal A preoperatue diagnosis of 
cholelithiasis, and cholecystitis w'lth common duct stone was made The patient w'as 
placed on the usual preoperative preparation w'hich included Mtamin K and w'hen the 
prothrombin time was 15 sec operation was carried out 

Operation w'as performed on April 6th, 1946 , rvith nupeicainc ( 1 - 1500 ) spinal anes- 
thesia The abdomen was opened through a right upper oblique incision The under- 
surface of the liver w'as exposed and the region explored No gall bladder was found 
The outer border of the duodenum w'as found attached by a short wide fibrous band to 
the hilar region of the Iwer (Fig 1) This w'as divided and the duodenum mobilized, 
exposing the common duct, which W'as about three times enlarged No gallbladder fossa 
W'as seen The common duct was explored upw'ards, to the point of junction w'lth the 
tw'o hepatic ducts These were followed to their point of exit in the li\er No cjstic 
duct, either fully developed or in the form of a stuiup was to be found No cjstic arter\ 
was seen A large stone was palpated in the relroduodenal portion of the duct The 
pancreas w'as hard and suggestuc of pancreatitis The common duct was incised, and 
the stone remoied A catheter was passed through the ampulla of Vater to demonstrate 
patency The duct was irrigated w'ltli normal saline A T-tube was placed in the duct 
and the duct closed with interrupted silk sutures The appendix was removed One Pen- 
rose drain was placed at tiie foramen of Winslow and brought out with T-tube through 
the stab wound The w'ound was closed in layers with interrupted cotton sutures With 
the patient still on the operating table, a cholangiogram was performed and both hepatic 
ducts, common duct and smaller intrahepatic ducts were well visualized (Fig 2) No 
cystic duct or gallbladder was seen The dy't was seen passing readilv through the 
duodenum into the upper jejunum 

Postoperative course was entirely uneventful The patient was discharged on her 
i8th hospital day, with the jaundice rapidlv receding and the T-tube still in place The 
tube was removed on Hay 17th, 1946 and the stab wound rapidly healed The patient 
has been seen at frequent intervals and she has remained entirelv relieved of all her 
symptoms, with no further reappearance of her jaundice 

The possibility of an intrahepatic gallbladder was considered It is felt that this 
possibility W'as eliminated, as surelv as one can with a live patient, bv the search at 
operation, the immediate postoperative cholangiogram which failed to show any cystic 
duct or gallbladder, and finallv by' the complete relief of the patient’s symptoms during 
the period of over a year since her operation 

The possibility of an intrahepatic gallbladder must always be considered, 
when the gallbladder is not to be found in its usual position There are a 
few of these cases reported, many of them containing calculi One can with 
a fair degree of certainty, eliminate the possibility of this condition at the 
operating table by doing a cholangiogi am, w'hich should show all or part of 
the cystic duct and gallbladder, if they aie present 

SUMMARY 

A review of some of the findings m congenital absence of the gallbladdei 
IS presented The necessity of considering the possibility of an intrahepatic 
gallbladder is brought out The value of a cholangiogi am at the operating 
table in eliminating this possibility is presented 
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HYDROCELE OF THE CANAL OF NUCK \\'iTH LARGE CYSTIC 
RETROPERITONEAL EXl’ENSION 

WiixiAM S McCunc, M D. 

WAi)HI^CTO^, D C 

TROM THr SURGICAL SERVICF, \\ALTrR RFLD CLSCRAI IIOSIITAL, WASIIISCTOS I> c AND Till 

DEPARTMENT or SORCCR1, CrORCn UASIIINOTOS OMM RSIT^ SCIIOOI 01 Ml DICIM UASIIINCTON D C 

Toward ann end of the eighteenth centur)'^ Scarpa^, in his book “Tumors 
(jf the Spermatic Cord/’ described a C3'slic tumor m the female inguinal canal 
which he leferred to as “hydrocele of the canal of Nuck ’’ Three prior in- 
stances had been lepoited by Aetius- 543 A D , Plater’ 1536 A D , and Ber- 
trondP 1723 AD Moreover Desault 1737-1762, in the Journal d’Chirurg 
had described a case in detail in which the diagnosis was made certain by 
operation and excision of the sac In 1S32 an Italian suigeon, George RegnolP, 
Professor of Surgery at University of Pisa, prepaied an exhaustive mono- 
graph on the subject, classified the various types and described an interesting 
case Among others ChiaiF recoided three cases in 1879, Wile'^ two m 18S1, 
Coley® 14 in 1892, and Halstead and Clark® one in 1905 Halstead also referred 
to a case described by Thierhaber In all Counsellor and BlaclP® estimated 
that approximately 100 instances of hydiocele muliebiis were reported from 
1892 to 1939 and a total of not moie than 350 cases have been reported until 
the present time 

Regnoh’s description of hydrocele in the female still stands today with 
little alteration He mentioned five types ( i ) a diffuse hydrocele in cellular 
tissue enveloping the round ligament with tiansformation of the cellular tissue 
into a serous membrane, (2) an accumulation of fluid in a prolongation of 
peritoneum into the inguinal canal, the communication with the abdominal 
cavity remaining, (3) differs from the second only in the fact that the pouch 
of peritoneum no longer communicates with the abdominal cavity, (4) an 
encysted hydrocele m the connective tissue about the round ligament (similar 
to the first), (5) an accumulation of fluid in the remains of an old hernial sac 

When confined to the inguinal canal, hydrocele in the female first makes 
its appearance as a soft slightly tender often reducible mass m the inguinal 
region which is frequently mistaken foi hernia It may vary from the size 
of a hazel nut to that of a child’s head Seven of Counsellor and Black’s cases 
were accompanied by hernia Many were inultiloculai Of 63 of his patients 
m whom the side of the lesion was known, Coley stated, that the light side 
was involved in 36, the left m 25 and both sides in two In many, but not all 
reported instances, the inguinal canal cyst communicated with the general peri- 
toneal cavity 

Throughout the literature seven instances of hydrocele of the canal of 
Nuck with an intra-abdommal cystic extension have been discovered In five 
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of the seven theie weie acute abdominal symptoms One was diagnosed 
stiangulated henna and thiee intestinal obstiuction 

In 1905 Halstead and Claik lepoited a case m a 42 yeai old colored 
woman who was hospitalized because of a tendei swelling m the right inguinal 
legion An enlaigement had been piesent m that aiea foi 18 years but acute 
pain and tenderness foi onl) eight days She had vomited twice On admis- 
sion hei temperature was 99 °, white blood count 13,000 A preoperative diag- 
nosis of btiangulated henna was made At operation a cystic tumor contain- 
ing an ounce and a half of fluid was found m the inguinal canal This opened 
into a laigei mtra-abdonnnal cyst, which communicated with the general peri- 
toneal cavity through a small opening 

Halstead and Claik also lefeiied to a case of Thieihaber A woman 
42 yeai s of age gi adually developed a tumoi in the inguinal 1 egion Tins swell- 
ing suddenly inci eased m size and became painful to touch At opeiation a 
mass the size of a goose egg was found which projected below the external 
ling into the labium majora With a diagnosis of paitially obstructed hernia, 
opeiation was pei formed and levealed a biloculai hydiocele one part within 
the abdominal cavity The two ciiambeis communicated but did not open into 
the free peiitoneal cavity 

Three smnlai cases weie lepoited by Chian In these there was inflam- 
mation of the w'all of the sac wdnch gave rise to symptoms of intestinal ob- 
struction — vomiting, abdominal distention and obstipation Opeiation le- 
vealed the nature of the condition 

Counselloi and Black leported 17 cases of hydrocele of the canal of Nuck 
Among these one was a lemon sized, reducible, hour-glass type of tumor, an 
mtra-abdominal pait of wdnch consisted of a large cyst m the iliac fossa 
Another had a large cystic extension of the houi -glass type, chiefly mtra- 
abdommal Theie was no note of either of these hydroceles producing acute 
symptoms 

Because of the apparent lanty of this hour-glass type of hydrocele in the 
female, presentation of this additional case was felt to be justified 

CASE HISTORY 

A 2o-year-old colored girl, wife of an army coiporal, was first seen in the hospital 
outpatient department on January 4, 1946, because of severe dysmenorrhea which she had 
had since puberty, manifested by abdominal cramps witlv each menstrual period for four 
years, and because of irregular vaginal bleeding of three years duration ' A relatively 
normal menstrual period had occurred on November sth, 194s, the last period having 
been on December 15, 1945 For about two years she had noticed a soft, non-tender 
swelling m the right inguinal region which caused no symptoms Her past history had 
been non-contributory 

Physical examination revealed a fairly w'ell developed girl in no apparent discomfort 
Heart, lungs, pharynx, bones and joints were normal There was a soft, slightly tender, 
reducible mass half the size of a w'alnut in the right inguinal region The left inguinal 
region was normal On pelvic examination cervix and perineum were normal The 
Uterus was moderately enlarged, firm, retroverted and tender No masses were felt in 
the adnexia but there was tenderness in both vaults 
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The urine was straw colored, haz}', contained no albumin or sugar but did re\cal a 
few epithelial cells and 1-3 white cells per HPF Henntoent 39 Kahn negatne 

With a diagnosis of right inguinal hernia and mild pehic inflammatorj disease she 
was admitted to the hospital on January I2tli, 1946 Hospital historj, ph>sical examina- 
tion and laboratory studies confirmed those recorded hi the outinticnt department, and 
operation for right inguinal hernn was scheduled for January 18, 1946 

Operatwn — Under satisfactory procaine and pontocaine spiml anesthesia a right 
inguinal incision was made from a point one inch medial to the anterior superior spine 
downward to the pubic tubercle This incision was carried down to the aponeurosis of 



Fig 1 — Hydrocele of the canal of nuck with retropeiitoneal cystic extension and 

accompanying hernia 


the external oblique muscle which was split in the direction of its fibers The round 
ligament was gently dissected free from the surrounding tissues Along the louder part of 
the ligament there were a number of loculated pockets containing clear yellow cystic fluid 
More laterally these seemed to unite to form a cystic cavity, sausage shaped, containing 
about 10 cc of clear fluid At the internal ring this cystic space was found to be contin- 
uous with a large intra-abdominal cyst slightly larger than an orange Connecting the 
two cystic spaces was a somewhat narrower neck By slipping a finger through this neck 
the distant walls of the intra-abdominal cyst could be felt On exploring further along 
the round ligament a true indirect inguinal hernia which communicated with the general 
peritoneal cavity was discovered The round ligament lay between the cyst and hernia 
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Because of the possibility that the cyst might be a diverticulum of the bladder, the 
bladder was catheterized on the operating table It contained the usual amount of urine 
and did not communicate with the cj'^st To explore the lesion more thoroughly the 
incision was then extended across the midhne, the fascia dissected upwards, the rectus 
muscles separated \eiticalb aud the peritoneal cavity opened It was then discovered 
that the cyst was cntirel} retroperitoneal accompanying the round ligament, its fundus 
bing between the la3eis of tlic bioad ligament Gradually from the inguinal and intra- 
peritoneal approaches the cjst was dissected free and wall delivered into the inguinal 
incision lateral to the heinia The hernial sac w'as dissected out and tied off, the lower 
fanned-out portion of the round ligament excised and a Bassini type of repair of the 
inguinal canal performed 

The postoperatne convalescence w’as entirely without incident 
Examination on July 13, 1946 revealed an enlarged retroverted uterus, slight 
tenderness of both adnexia and a w^ell healed inguinal scar Except for some continued 
irregularity of her menstrual periods she w^as symptom free 

In the case noted above, as in the ttvo reported by Counsellor and Black 
the cyst did not cause symptoms, meiely the presence of a mass in the inguinal 
region The patients of Halstead and Claik, Thierhaber and Chian however 
were treated because of acute episodes suggesting intestinal obstruction or 
strangulated hernia In at least one of Chian’s cases there was evidence of 
acute inflammation of the wall of the cyst On this account it seems reason- 
able to suppose that the acute symptoms described by these authors were due 
to inflammation of the adjacent peiitoneum 

SUMMARY 

A review of the literature of hydrocele of the canal of Nuck is presented 
Emphasis is placed on seven previously reported cases of an hour-glass type in 
w'hich part of the hydrocele 3vas mtra-abdommal Another case of this type is 
described together with a suggested method of tieatment 
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Benign tumors of the duodenum are rare Silent heinorihage is often 
the only symptom of tumors of the small intestine This paper is the report 
of an interesting case of an ulceiated hjionid of the duodenum, the onl} 
symptom being inteimitlenl melena 

UEPOin or CAsi^ 

Hisloiy and Physical Examination — C K , a 70-jcir-oId white male, w is referred 
to the George F Geisinger Memorial Hospital for gastro-mtestiinl studies because of 
a history of mtermittent tarr3 stools for two years The patient had cn)o\ed excellent 
health until early October 1944, when he had a sudden attack of weakness and dirzmess 
Following this he observed that his stools w'ere tairy black m color for one week 
There was no abdominal pain, nausea, or eomiting associated with the attack \o 
history of intolerance for fatty foods could be elicited Similar, milder episodes had 
occurred subsequently at irregular inters als during the past two yeais These were ncser 
associated with any abdominal symptoms Between attacks the jiatient had no complaints 
There was no weight loss The last attack w'as one month before admission 

Physical examination revealed a w'ell developed, rathci obese wdiite male m no 
distress Weight was 195 pounds Tcmperatuie, pulse, respiration were normal Bl’ 
140/78 There were no masses or tenderness in an obese abdomen The remaining 
portion of the examination was essentially negatiie 

Laboratory Exaniination — Examination of the urine w'as iiegatne Flocculation 
reaction for syphilis was negative Blood studies revealed a mild hypochromic anemia 
with erythrocytes 3,950,000, leukocytes 2,450, hemoglobin 62 per cent, and color index 
0 8 Tests for occult blood in the stools were negative 

Roentgenologic Eramniation — Roentgenologic examination of the upper gastro- 
intestinal tract revealed no evidence of organic disease of the esophagu« or stomach 
There was no gastric residue from the motor meal ingested six hours p.e\ioush Tlu 
duodenal bulb was normal in size and contour In the third portion of the duodenum 
there was an elongated mass 5 S by 3 centimeters in size No ulceration of the surface 
of this mass could be detected There was no obstruction proximal to the mass wdiich 
almost filled the lumen Because of the position of the lesion and the habitus of the 
patient no contributory pressure films could be obtained Films taken subsequent to 
fluoroscopy showed an apparently normal small intestine distal to the ligament of Treitz 
The roentgenologic impression was “benign tumor of the duodenum possibly a leiomyoma ” 
Swgical Findings — A laparotomy was performed on June 26, 1946, by Dr Harold 
L Foss Following exposure of the second and third portions of the duodenum, the 
tumor was readily palpated within the lumen On opening the duodenum a soft pedun- 
culated polypoid mass approximately 5 cm long was found The base of the pedicle was 
ligated and the tumor removed Postoperative course was uneventful On a follow-up 
visit several months subsequent to operation the patient stated there has been no recur- 
rence of bleeding 

Pathologic Findings — Pathologic examination of the specimen showed a soft ovoid 
mass measuring 5 by 3 5 by 2 cm in size The surface was smooth and glistening and 
had the appearance of normal mucosa At the distal pole there w'as a small bluish scar 
with tiny petechial hemorrhages about it The cut pedicle measured i 0 cm Through the 
cut surface of the pedicle a soft yellow inner substance could be seen Section revealed 
a normal reflection of mucosa over the tumor The central mass was composed of three 
lobules of soft yellow adipose-appearing tissue 
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Micioscopic section confiuned the gioss impiession of adipose tissue The mucosa 
was noimal Diagnosis was lipoma 





Fig I — Roentgenogram showing tumor of duodenum 

COMilENT 

The incidence of benign tumois of the small intestine is given by Raiford^ 
in his extensive survey as appi oximately 4 per cent of all gastro-mtestmal 
tumors Lipomas foim only a small percentage of these. Generally these neo- 
plasms are single but infrequently aie multiple The size vanes from that 
of a pea to more than a man’s fist The common foi m is polypoid although a 
fair number of the sessile variety are reported 

There have been less than 20 lipomas of the duodenum reported to date 
Most of these veie incidental findings at autopsy Degner’s case as reported 
in Comfort’s" compi ehensive survey of submucous lipomas is the only proven 
case with symptoms we can discover 
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Although benign tumors are rare, when they occur tliey often produce 
serious symptoms In cases of adult intussusception of the small bowel, 
lipomas have been traced as the etiologic factor in 44 per cent — Schottenfeld ® 
Good and MacCaity^ list three primary clinical manifestations of benign 
tumors of the intestine They aie (i) loss of blood as by hematemesis 01 
melena, (2) presence of a mass, (3) evidence of obstiiiction 

Intussusception in the duodenum 
is ver}-- unusual as it is fixed for the 
most part Also, as the duodenum is 
deeply situated in the abdomen, palpa- 
tion of a soft mass would be difficult 
01 impossible Hemorrhage follows 
ulceration of the stretched atrophic 
mucosa Theie have been ten cases 
of spontaneous passage of lipoid lu- 
mois with bloody stools, presumably 
subsequent to avulsion of these pol} - 
poid growths 

It is obvious that if the diagnosis 
of benign small intestinal tumor is to 
be made piior to opeiation 01 necrop- 
sy, it must be made b> the roentgenol- 
ogist Most tumois of theuppei gas- 
tro-intestmal tract can be discovered 
m the couise of an oidmai}' loentgenoscopic stud} of the esophagus, stomach 
and duodenum Tuniois distal to the ligament of Treitz lequiie special small 
intestinal studies such as are described by Golden^ 01 Schatzki ° 

It is not always possible to make a roentgenologic diffeientiation between 
benign and malignant tumois There is a high incidence of serious complica- 
tions m all small intestinal tumors For these reasons w^e believe that wdien 
the diagnosis of small intestinal tumoi is made, the patient should be operated 
upon even in the absence of symptoms 
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Fig 2 — Photograph of gross specimen 



A NEW METHOD OF RESTORING CONTINUITY OF THE ALIMEN- 
TARY CANAL IN CASES OF CONGENITAL ATRESIA OF 
THE ESOPHAGUS WITH TRACHEO-ESOPHAGEAL 
FISTULA NOT TREATED BY IMMEDIATE 
PRIMARY ANASTOMOSIS 

Richard H Sweet, M D 
BosTO^, Mass 

Decision concerning the tieatment of congenital atresia of the esopha- 
gus with tiacheo-esophageal fistula m any given case requires that the 
suigeon establish a general policy of management of this anomaly At fiist 
this condition was i egarded as hopeless It was finally shown by Ladd^ and 
others that the lives of some of these unfortunate infants could be saved by 
means of a multiple stage procedure consisting of closure of the fistula, the 
establishment of a cervical esophagostom} , and the creation of a gastrostomy 
foi feeding pui poses In a few of these patients it has been possible with 
much effoit to construct an external esophagus using tubed flaps of skin, 
segments of leiunum, and so forth This procedure has admittedly been 
attended In man}^ difficulties and disappointments and few real successes 
More lecently it has been shown conclusive!}'- by Haight,- Ladd and Swenson,® 
and others that in man}' cases it is possible to close the fistula and to perform 
a primary anastomosis so as to create an intact esophagus Peifections in 
technic resulting fiom inci eased experience have made it possible to perfoim 
this operation with a relativel} high percentage of successful results in 
suitable cases It is obvious, theiefore, that if enough length of esophagus 
IS available, closure of the fistula followed b} the performance of a primary 
anastomosis is the operation of choice 

There remains, however, the problem of hov to handle the case where 
it is impossible to carr} out this ideal procedure Attempts to construct an 
external esophagus in these cases have been so discouraging that some 
surgeons have expiessed the opinion that it might be better to allow such 
unfortunate infants to die lather than to preserve them only for a life of 
suffering or semi-invalidism No doubt the majority of surgeons would 
feel obliged to prolong the infant’s life if possible by closing the fistula and 
performing a cervical esophagostom} and a gastrostomy The parents of the 
child, on the other hand, sometimes adopt the other point of view that it 
is better to allow the child to die hardly having lived, than to allow him to 
live with the handicap which is inevitable for him This opinion must be 
leofaided with sympathy 

It is apparent, therefore, that if a method of restoring the continuit} of 
^he ahmentar}' canal without having recourse to the multiple stap^e external 
esophagoplasty usually advocated could be developed, it would make it 
easier for surgeons and paients alike to decide in favor of an attempt to 
Pieserve the life of the child in cases where a primary anastomosis cannot 
e made A method to accomplish this end by performing an intracervical 
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esophagogastric aiiaslonioMs aftci pulling the slomadi up through tlic chest 
IS herein set forth 

NATURE or THE PROBLEM 

The principal obstacles to be overcome are three in number 

(1) The long distance between the short proximal segment of esophagus 
and the fundus of the stomach That the stomach can be mobilized suffi- 
ciently to place the fundus in the apex of the left pleural cavity has already 
been demonstrated ‘ In the cases of congenital atresia which have been 
treated by cervical esophagostomy and gastrostomy, the anastomosis must 
be made several centimeters above the level of the clavicle because of the 
invariably short proximal stump of the esophagus which must be used If 
the mobilization of the stomach is complete, however, sufficient length can 
be obtained to bring the fundus as high m the neck as required This means, 
in addition to the usual fieemg of the fundus and division of the left gastric 
and left gastro-epiploic vessels, the complete dnision of the gastrohepatic 
and gastrocolic ligaments as far as the level of the pylorus This dissection 
must be done with great care to avoid miun to the nght gastric and right 
gastro-epipioic vessels and their anastomotic arches along the lesser and 
greater curvatures of the stomach 

(2) The piesence of a ga<;lrostomv opening The performance of a 
gastrostomv is, of course, necessary in the tvpe of congenital atresia which 
does not lend itself to a piimar}' anastomosis But the presence of such a 
fistula does not present a very serious handicap because it can be closed reachh 
after the stomach has been fieed from its attachment to the anterior wall of 
the abdomen It is important, however, to close the opening in the gastric 
wall in such a way that no shortening of the stomach will result Tins is 
accomplished by placing the sutures across the stomach so that when thei 
are tied, the openmg is infolded in the direction of its long axis This pro- 
duces slight narrowing of the lumen which is of no consequence and length- 
wise shortening is avoided 

(3) The passage of the fundus of the stomach fiom the thoracic cavity 
into the neck This presents a somewhat difficult problem which can best 
be solved by performinp what may seem at fiist to be a rather radical 
maneuver It is not nossible to develop bv dissection a large enough passage- 
way from the superior mediastinum into the base of the neck to make room 
for the relatively large fundus of the stomach Furthermore, if the fundus 
>s bi ought out through a short anterior intercostal incision and then up into 
the neck throurfi a subcutaneous tunnel, the pressure of the overling skin 
and fascia would cause too much compression of the stomach and anastomosis 
against the underlying structures Ample room for the fundus can be 
obtained, however bv resecting the inner one-half of the clavicle and a 
comparable segment of the first rib so that the fundus can be passed into 
the neck without pressure or constriction to meet the high-lying proximal 
esophageal segment 


758 



Volume 12” 
Number A 


CONGENITAL ATRESIA OF ESOPHAGUS 


DESCRIPTION OF THE OPERATION 

The operation is peifoimed m one stage as follows 
(1) F%ist Step of the Piocedietc — Mohhsatton of the Stomach and Resec- 
tion of the Distal Segment of Esophagus The patient is placed on his right side 
with the left arm di awn f oi ward out of the way A long intercostal incision 
extending the entire length of the eighth interspace is made A small size 
rib spreader is inserted The diaphragm is incised from a point close to its 
costal mseition through the maigm of the esophageal hiatus The rudi- 
mentary distal segment of the esophagus is fieed through an incision in the 
mediastinal pleura and lemoved by severing it |ust above the cardia The 
lemaining stump is mveiled with a purse-string sutuie of silk reinforced by 
several Lembeit sutures of the same mateiial The anterior wall of the 
stomach is then fieed from its attachment to the abdominal wall and the 
nastroslomv opening is closed with two layers of fine silk sutures The 
attachments of the fundus of the stomach are divided, including the gastro- 
lienal ligament with its enclosed vasa brevia which must be ligated The 
left gastro-epiploic vessels aie tied and cut and the entire gastrocolic ligament 
IS incised all the way to the level of the pylorus, taking care to avoid injury 
to the aicade of vessels along the greater curvature of the stomach which is 
supplied by the right gastro-epiploic vessels The left gastric artery and 
vein are tied and cut The gastrohepatic ligament is then incised as far as 
the level of the pj^oius Here likewise the integrity of the vascular arches 
along the lesser cuiwature, which are supplied by the right gastric vessels, 
must be pieserved It is important to mention in this connection that the 
left gastric artery should be tied and cut close to its origin fiom the celiac 
axis so as to preserve the peripheral branches which form the greater portion 
of the arcade along the lesser curvature The stomach is now sufficiently 
well mobilized to allow the fundus to be pulled up through the thorax to the 
base of the neck or above 

A stiand of silk is then passed with a fine needle through the wall of the 
fundus of the stomach, which has been pulled thiough the diaphragm and 
up behind the hilum of the lung A trochar-pointed needle (Keith) is sub- 
stituted for the fine needle on the end of the silk strand This needle is thrust 
from within through the first left intercostal space anteriorty and by means 
of traction on the attached thread of silk, the fundus of the stomach is held 
UD against the anterior thoracic wall during the closure of the thoracotomy 

mcision until it is needed for the perfoimance of the anastomosis in the neck 
(Fig 1, No 4) 

To complete the fiist stage of the operation the lung is expanded b}'- the 
anesthetist and the thoracotomv incision is closed, using pericostal sutures 
of fine chromic catgut to appioximate the ribs and interrupted sutures of fine 
silk m the remaining lavers 

(2) Second^ Step of the Procedure—Peifoimance of the Tnfracervical 
^sop lagogastnc Anastomo iis A fter the closure of the thoracotomy incision 
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has been completed, the patient is tuined on his back and a vertical incision 
IS made from the esophagostomy stoma above to the level of the second nb 
below The pectorahs major muscle is incised close to its attachment to 
the sternum and reflected laterally, at the same time sepaiatmg its inser- 
tion to the medial portion of the clavicle The sternal and medial 
clavicular insertions of the sternocleidomastoid muscle are severed and rc- 



Fig 1 — Diagram illustrating the method o£ maintaining the position 
of the fundus of the stomach m the apex of the chest during closure 
of the thoracotomy incision (1) Thyroid gland (2) Sternocleido- 
mastoid muscle (3) Cervical esophagostomy stoma which is to be 
used for the anastomosis (4) Silk thread which is brought out 
through the first intercostal space and used to hold the fundus of 
the stomach m the apex of the chest until the thoracotomy incision 
has been closed After the cervical incision has been made and the 
left pleural cavity opened from above the stomach is drawn up into 
the neck as shown m Figure 2 Note No attempt is made in this 
arawing to illustrate the relations of the stomach to the heart and 
left lung 
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Fig 2 — Diagram illustrating the method of bringing the stomach 
up thiough the left thoracic canty and into the base of the neck For 
the sake of clearness, the left sternocleidomastoid and pectoral 
muscles have been omitted from the drawing instead of being shoAvn 
retracted laterally as is the case m the operation The stomach lies 
behind the heart and the hilum of the left lung The fundus of the 
stomach is shown being drawn up out of the pleural cavity into the 
neck As this is done it passes medially to the apex of the lung and 
in front of the subclavian artery and \em The short proximal length 
of esophagus passes anterior to the carotid sheath The anastomosis 
therefore lies in front of the carotid vessels (1) Th 3 'roid gland 
(2) Stoma and short proximal end of the esophagus (3) Trachea 
(4) Carotid vessels (5) Cut end of the first rib after resection of 
the anterior segment (6) Lateral one-half of the clavicle showing 
cut end after resecting the medial one-half (7) Fundus of the 
stomach with temporary silk thread still in place (8) Left lung 
lying anterior and lateral to the stomach (9) Apex of the heart 
(10) Duodenum pulled somewhat to the left 
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Fig 3 — Diagnm showing the relations of the stomacli after the 
completion of the anastomosis (1) Trachea (2) Thyroid gland 
(3) Carotid vessels (4) Esophagogastric anastomosis (5) 

Fundus of the stomach (6) Ape's, of the left lung (7) Lateral 
half of the clavicle (8) Level of the body of the stomach where 
it lies behind the hilum of the lung 

Class Section A Level of the esophagogastric anatomosis in 
the neck (1) Trachea (2) Thyroid gland (left lobe) (3) Caro- 
tid and jugular vessels (4) Esophagogastric anastomosis (5) 

Fundus of the stomach 

Cross Section B Level of the dome of the pleural cavity (6) 

Left lung (8) Stomach 

Cl OSS Section C Level of aortic arch (6) Left lung (8) Stom- 
ach lying behind the hilum of the left lung (9) Aortic arch 
(10) Trachea looking down at the bifurcation (11) Superioi 
\ena cava 

tracted laterally The incision is then earned aiound the esophageal stoma 
and enough of the end of the esophagus is freed to make it possible to pei- 
form an anastomosis This mobilization of the esophageal segment must not 
be too extensive for fear of jeopardizing the blood supply to the end which 
must be preserved for the anastomosis 

The medial half of the clavicle and a corresponding segment of the left 
first rib and costal cartilage are resected extrapen osteally This produces a 
large opening from the base of the neck behind the lower end of the sterno- 
mastoid muscle into the apex of the left pleural cavity through which the 
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Fig 4 — Case W C Pre-operative i oentgenogram showing barium 
taken orally after spuitmg onto the neck through the esophageal 
stoma, and barium put into the stomach through the gastrostomy 
catheter with a faint trickle of barium extending several centimeteis 
into the distal blind segment of the esophagus (Airow) 

fundus of the stomach can be drawn easily and without danger of com- 
pression The temporary fixation of the fundus of the stomach is eliminated 
by cutting the silk suture which was used to attach it to the tissues of the 
hist intercostal space The fundus is pulled up behind the apex of the 
lung into the lower portion of the neck (Fig 2) A short incision is made m 
the posterior wall of the fundus close to its apex and an anastomosis con- 
sisting of thiee layers of interrupted fine silk sutures is made Careful 
approximation of mucosa to mucosa and muscle-edge to muscle-edge con- 
stitute the inner and middle layers The outer layer is of interrupted mattress 
sutures Several interruped sutures are used to fix the fundus to the tissues 
surrounding the region of the anastomosis The method of pulling up the 
fundus of the stomach and the location of the esophagogastric anastomosis 
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at a high level m the neck is illustrated m Figuies 2 and 3 Ihe wound is 
closed by re-sutunng the lower end of the sternocleidomastoid muscle and 
the cut edge of the pectoral muscle to the sternum and placing a layer of 
fine silk sutures in the subcutaneous fat and another in the skin No 
drainage is used 

(3) Third Step of ihe Piocedmc — Clouiie of the Abdominal IVall Por- 
tion of the Gash ostomy The edges of the former gastrostomy incision arc 
excised The fascia and peiitoneum aie identified, and a laier by laier 
closure of the sm ill opening m the abdomuiril wall is brought about using 
mteirupted fine chromic catgut sutuies, with silk to the skin 

POSTOPHRATIVC CARE 

The patient’s condition must be maintained dining the first week or ten 
days after operation by means of the intravenous administration of solutions 
containing the necessan electrolytes, glucose, ammo acids, and vitamins 
Fluids may be allowed bv mouth after five to seven days By the end of 
12 to 14 dajfs the child should be able to take a diet suitable for his age 

Penicillin in doses depending upon the acre of the child is administered 
until the danger of postoperative sepsis and pulmonan complications is over 
(approximately one week) The child should be kept m an oxigen tent 
during the first few davs to ease the bin den on the respiraton' mechanism 

CASE REPORT 

As an illustration of the utilwation of this method of icstormg continuity 
of the alimentary tiact after the performance of a ceivical esophaeostomv 
and a gastrostorm the following case leoort is submitted 

W C a white male infant, ape 21 months was ndmiltcd to the Baker krcmornl 
nmt of the Massachusetts General Hospital on Time 19 1947 referred hv Dr T C 
McCann of Worcester Massachusetts The histoiu' was as follons 

On the third day following hirth it uas discoaeied lhat the patient had a congenital 
tracheo-esophageal fistula He was taken immcdiatelv to a children's hospital vhere he 
was operated upon Through a right thoracotomy incision the fistula was closed and 
later a ceryical esonhao-ostomy and a gasti ostomy uere performed After a storm\ 
convalescent complicated hy the occurrence of bilateral pneumonia and dehiscence of 
the gastrostomy uoiind requiring secondary sutuie the patient recovered and since 
then had developed at a normal rate Although given to understand at first that a 
connection between the esophagus and the stomach would be made, the parents were 
finally told that it ivas not avorth avhile attempting ana^ further surgery This decision 
was very disturbing to them because the child was eager to eat and savalloiv things 
and it was most pathetic to watch him avhen everything he took b 3 ’' mouth came out 
through the skin of his neck They v’ce anxious to undertake any risk avhatever, no 
matter how great to make it possible for the child to eat in a normal fashion 

On examination at the time of admission to the Biker Memorial the child avas a 
healthy appearing boy for his age He walked noimallv but did not talk very mueh 
A large catheter led into the stomach through a rathci iiiitated-looking stoma which 
was in the center of a longitudinal abdominal incision through the left rectus muscle 
In the left side of the neck about 2 cm above the clavicle there ivas a cerr^ical 
esophagostomy The union of the esophageal mucosa to the skin rvas smooth Tt was 
necessary to keep a dressing on the patient’s neck at all times 
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Fig 6 — Case W C Photograph taken three weeks after operation 
sho\\ing posterior portion of the thoiacotomj- incisional scar The sc ir 
of the previous thoracotomy on the right side shows in this view 


cimcn showed a few polymorphonuclear leucocytes, moderate achromia and \aiiation 
111 size, and a rare stippled red blood cell The platelets appeared faiil} noiiml Ihe 
plasma protein was 6 7 Gm per cent The prothrombin time was 17 seconds 

After ten days of observation and preparation for operation a transthoracic and 
trans-cervical partial esophagectomy with esophagogastric anastomosis was performed 
according to the technic alreadj' described Postoperatively hydration and nutrition 
were maintained by continuous intravenous drip This was accomplished with difficulty 
because of the small size of his veins and the fact that many of them had been used 
before He took practically nothing by mouth until his fourteenth postoperative day 
He then began to take food in small amounts but not sufficient for nourishment, so that 
a Levine tune was passed through the anastomosis into his stomach and he was fed by 
gaiage until about the 20th day after operation when he began to eat normally He 
lost about 4 pounds while he was in the hospital After his mother had been instructed 
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r G 7 — Case W C Postoperative roentgenogiam after ingestion of 
barium The anastomosis is indicated by the arrow Just below are 
the rugal folds of the fundus of the stomach The remainder of the 
stomach as it lies in the left pleural cavity behind the hilum of the 
lung contains air and a small amount ol barium The cut ends of the 
first nb and clavicle are easily seen The lung lies around and to the 
side of the stomach 


m his feeding and he was ready to go home, he had a gastro-intestmal upset W'hich 
delayed his discharge from the hospital for about a week 

When the patient was brought to the office tor a postoperative examination three 
W’ceks after leaving the hospital, he looked \ery w'ell and, according to his mother 
was eating a liberal diet in large quantities The incisions w^ere well healed There w as 
some ballooning out of the soft tissues at the base of the left side of the neck during 
inspiration His w^eight was about the same as when he left the hospital, but he had 
apparently adjusted completely to conditions at home and w'as making steady progress 
A more recent report from his physician states that the cliild is eating a diet normal 
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for his igc 1 he imoiint of food coiisunitd is norm il, hut his weight gain has been slow 
His stools ire normal and there is no obvious eiidence of plnsiologic disturbances 
resulting fiom the displacement of Ins stomach through his chest into his neck 

Adulnuum — Since this opeiation wis iieifoimed, the same lechnic has been used 
for a subtotal esophagectomy and iiitracenical csoph.igog istiic anistomosis in a case 
of carcinomi of the csophvgus located in the region hchind the manuhrium of the 
sternum No satisfacton procedure has been aiailahle iicmoiisIj for use in such cases 
A growth at that level is too low foi the Wookey opei ition,'’ which cm he apiilicd oiilj, 
in cases wheic the tumor is in the cenical segment, md too high for the application of 
the operation of transthoracic esoiihagcclomj with a high intrathor icic esophagogastric 
anastomosis'" The patient, a man 56 %cais of age, has made an uneventful iccovcrj 
ind IS eating in a normal fashion 
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LET 1 ER 1 0 THE EDI I OR 

Dear Sir 

Dr D B Pheinister calls m)' attention to a bibliogiaphic eiror in the December 
1947 article by myself and coworkers on Hemonhagic Shock Reference §16 should 
read 

Phemister, D B and C H Liestar Local Fluid Loss, Neiv'e Stimuli and Toxins 
in the Causation of Shock Ann Surg , 121 S03, 1945 

Phemister, D B The Mechanism ana Management of Smgical Shocle T A kf A 
127 1109, 1945 

Parsons, E and D B Phemister Hemorrhage and “Shock” in Traumatized Limbs 
Surg, Gynec and Obst, 51 196, 1930 

Reference §7 should have in addition to the one given the following 

Phemister, D B, C H Laestar, L Eichelberger and R J Schachter Afferent 
\ asodepressor Nerve Impulses as a Cause of Shock Ann Surg, 119 26, 1944 
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ANEURYSM FOLLOWING SURGICAL PROCEDURES-i- 

Repoit of Five Cases 

Daniel C Elkin, M D 
Emory University, Georgia 

FROM THE MHITEHEAD DEPARTMENT OF SURGER\, EMOR\ UMVERSlTTi SCHOOL OF MEDICINE 

It is generally recognized that tiaunia is the usual causal agent in the 
production of an arteriovenous fistula, and the most frequent etiologic factor 
in the pioduction of an aneurysm However, it is not generally recognized that 
the trauma incurred in the peiformance of a surgical procedure or operation 
is an additional factor in the production of these lesions Operative procedures 
have become so commonplace that safety factors which prevent serious com- 
plications are occasionally overlooked The puipose of this leport is to call 
attention to the possibility of arterial injury accidentally produced m the course 
of an operation, eventuating m an aneurysm or a fistula 

Accounts of injuries to blood vessels have been recorded since the begin- 
ning of medical history, and among the writings of Galen in the first century 
of the Christian Era we find desciiptions of aneuiysms produced accidentally 
in the course of bloodletting f Although bloodletting has long passed into 

^ Read before the Southern- Surgicai Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 

t “One of the earliest and most interesting references m literature is to an instance 
of this kind Galen was called m consultation by a young and inexperienced surgeon who 
had opened the artery at the bend of the elbow instead of the vein, and the blood spurted 
out ‘clarus, rubens, lucidus et caid' {See jooinote continued on next page ) 


Delays in the appearance of this and other recent issues of the 
Annals or Surgery have been due to present unsettled conditions 
in the printing trades A return to original schedules is expected 
as soon as a settlement of these difficulties is reached 


769 





DANIEL C ELKIN 


Annals ot Siirffn 
M a > 10 4 8 


oblivion, the le-introduction on a large scale of both venous and arterial punc- 
ture as a diagnostic and therapeutic measure will probably be followed by an 
increased number of aneuiysnis and fistulas 

The early medical history ol blood vessel injury, although primaiily con- 
cerned with the anest of hemorrhage and the use of ligatures, makes frequent 
mention of aneurysms It was not until 1757, however, that William Hunter 
accurately described an aiteriovenous shunt and its effect upon the local circu- 
lation Hunter’s tw'o cases w'ere both produced accidentally by bloodletting, it 
being supposed that the lancet puncturing the basilic vein pierced too deeply 
and injured the underlying radial or brachial artery at the same time 

A survey of the literature reveals numerous reports of arterioi enous fistulas 
following surgical procedures This lesion has been produced between the 
inferior vena cava and the right iliac artery during operation for ruptured 
intervertebral disk it has been seen in amputation stumps," and in the uterine 
vessels following hysterectomy Instances ha\ c been reported of intercostal 
arteriovenous fistula following thoracentesis ^ of the facial vessels, caused bv 
application of a Roger Anderson splint,’’ of tlie anterior tibial vessels following 
introduction of a Steinmann pm,® and of the superioi thyroid aitery following 
thyroidectomy ^ I have seen it in the posterior tibial vessels following introduc- 
tion of a Steinmann pin, and in the genicular vessels following an operation for 
the removal of a semilunar cartilage , but as these two patients refused opera- 
tion, they are not included in this report 

It IS thus evident that an artei lovenous communication may be produced in 
any operation It is most likely that the lesion is produced when vessels are 
transfixed and ligated, an artery and vein being injured simultaneously by the 
needle, and an opening made through wdiicli the communication is subsequently 
established Although transfixion and ligation of a vessel are standard pro- 
cedures, It should be remembeied that mass ligation of aiteries and veins maj 
well give rise to this lesion (see Case 51 Particular care should be taken to 
avoid the inclusion of more than one vessel in a transfixion suture In addition, 

* Hunter’s first case was published m Medical Observations and Inquiries by a 
Society of Physicians in London, in 1757 (Volume 1, page 323) His second case was 
reported in the same journal in 1762 (Volume 2, page 390) The exact time of his 
observation of these patients is unknown but is supposed to have occurred several years 
before the publication of the reports 

(^Footnote continued from p 769) T took in the situation at once, there happened 
to be an elderly physician with me, so we prepared a medicine, viscid, conglutmable, 
and obstructive, and placing it strongly against the lips of the wound bound over it a 
soft sponge The surgeon who had opened the artery wondered, but said nothing 
When we went out [note the professional touch I] I said to the surgeon that he had 
opened the pulsating vessel, and charged him not to dress the wound before the fourth 
day, and not without me ’ 


“The cure was complete, and Galen remarks that this was his only successful case 
of the kind, as in all others aneurysm had followed ’’ Sir William Osier, Remarks on 
Arterio-Venous Aneurysm Lancet, Lond, 1, 949, 1915 
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ti action pins, wiies, and fixation devices for immobilization of bones should not 
be inseited neai the known anatomic couise of blood vessels 

In a peisonal senes of appioximate]}^ 650 operations for aneurysm and 
ai teriovenous fistula, six definitely followed opeiation or some surgical pro- 
ceduie, and it may be presumed, theiefore, that appi oximately one per cent of 
these lesions follows operative ti auma One of these cases has been previously 
reported,® and tins communication is concerned primarily with five additional 
instances of this lesion 

Case 1 — SH , Hasp No 10123, soldtet, age 30 False aneurysm, light btachial 
aiteiy, loiver thud, following diagnostic venepunctm e August 1944 Treatment by Matas 
endo-aneurysmonhaphy, Sepiembci 19, 1944 Recoveiy 

This 30-year-old soldier was transferred to the Army vascular center at Ashford 
General Hospital with a diagnosis of m 3 'cotic aneurysum of the right brachial artery 
The patient had had bacterial endocarditis, and at the time of his transfer had mitral 
stenosis The aneurj'^sm had developed at least six week after his blood cultures were 
negative Shortly before the aneurysm developed blood was drawn from the patient’s 
arm m this region on numerous occasions He complained of swelling of the right forearm 
of seventeen days duration, numbness of the first and second fingers, congestion of the 
hand on dependency, excessive sweating and loss of complete motion of the elbow 

Examination revealed a fusiform swelling of the upper right forearm on the anterior 
aspect It was approximately 8 cm in diameter, and over it a faint thrill could be felt 
The mass pulsated, and on auscultation a systolic bruit, not transmitted to the hand or 
the axilla, could be heard over it There was congestion of the right hand and cyanosis 
of the nail beds on both sides Both hands were mildly sweaty Oscillometnc readings at 
the wrists were normal, slightly higher on the left than on the right Skin temperatures 
were excessively high on both sides The Kahn test was negative A diagnosis of false, 
traumatic aneurysm of the right brachial artery was made 

Endo-aneurysmorrhaphy (Matas) was performed September 19, 1944 under nitrous 
oxide, oxygen and pentothal sodium Under a tourniquet, an incision was made just over 
the aneurysmal swelling, beginning at the crease of the elbow and extending down about 
10 cm The aneurysm was found to ramify deep in the muscles and between the ulna and 
radius It was opened and a large clot evacuated The appearance of the sac was that of 
a false aneurysm as seen following trauma The lining was smooth , there was no evidence 
of infection, or of vegetations An upper and lower opening in the wall of the artery 
could easily be seen, and these were closed with interrupted sutures of silk After closure 
of the wound, an ace bandage was applied from the wrist to the midarm The hand was 
warm, and there was good return of circulation after pressure on the fingers The post- 
operative course was uneventful 

Case 2 — Mis MP, EU 1178, age 57 False aneurysm, left brachial aiteiy, loiver 
third, produced by incision of abscess forty yeais pieviously Tieatment by exctiion, 
April 9, 1947 Recovei y 

This patient had an abscess of the left arm and forearm when she was 18 years old, 
which was incised and drained During a period of hospitalization in 1938, it was noticed 
that she had a mass in the left forearm near the elbow The condition was entirely 
asymptomatic until the summer of 1946 when her left arm became weak and stiff after 
a period of carrying groceries During the succeeding few months she had pain in her 
left arm, extending into the left shoulder region This became more severe, and in 
January 1947 she noticed swelling of the left hand with occasional numbness and tingling 
Examination revealed an old operative incision on the anteromedial aspect of the 
left arm near the elbow, and a larger incision on the anterior surface of the arm at a 
slightly higher level A firm, expansile mass was present, extending from just above the 
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antecubital fossa for a short distance infcnorly A biuit, present onlj' in sj stole, was 
heard over the mass On palpation of the incision a defect in the iindcrl>ing muscle 
and fascia was noted, and the pulsation of the brachial artcrj ^\as rcadilj detected 
Slight pressure in this region obliterated the expansile pulsation Oscillometric readings 
and skin surface temperatures were normal There was no color change of the extremi- 
ties on positional changes Radial and brachial pulsations were normal The Kahn test 
w'as negative A diagnosis of arterial aneurjsm, left brachial arterj, low'cr third, was 
made (Fig 1) 



Fig 1 Fig 2 


Fig 1 —Case 2 Preoperative photograph False aneurysm of the 
brachial artery following incision of abscess 
Fig 2— Case 2 Postoperative photograph showing incision 
curved transversely across the antecubital fossa 
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On Apiil 8, 1947, excision of the aneurysm was performed under pentothal sodium, 
nitrous oxide and ether A pneumatic tourniquet was applied to the upper arm An 
incision was made longitudinally over the mass for about tw^o inches and curved trans- 
versely across the elbow in line with the skin fold (Fig 2) A large number of 
superficial veins ivere divided and ligated The mass was oblong, about 2 by 4 cm , its 
capsule was tough and could easily be dissected from surrounding structures The 
proximal and distal arteries were ligated and divided, and the mass completely enucleated 
The vessels were soft and showed no evidence of arteriosclerosis The aneurysm was 



Fig 3 — Case 3 Preoperative photograph False aneurysm of the 
external iliac artery following repair of hernia 
Fig 4 — Case 3 Postoperative photograph showing incisions 

lying directly on the median nerve, but this structure was not disturbed After the wound 
'Vas closed, an elastic bandage was applied from the finger tips to the midarm There 
was no pulsation of the radial artery at the wrist following operation but the hand was 
warm and the circulation in the fingers good Recovery was uneventful Examination 
f*f the specimen showed a typical false aneurysm with a smooth-walled, fibrous sac 

Case 3 — CM, EU 1166-936, male, age 38 False anctnysm, lejt cvteinal iliac 
atfeiy, follozving hennoithaphy peiformcd May 1946 Ticatment by Matas endo- 
aneuiysmoithaphy, Januaiy 23, 1947 Recovery 
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This man had a left inguinal hernia repaired on May 13, 1946 He \sas told after the 
operation that a blood vessel had been injured His surgeon stated that he “encountered 
some bleeding when a stitch was placed to unite the conjoined tendon to the inguinal 
ligament, but the bleeding was easily controlled by a ligature” Two months following 
operation, the patient noticed in the left inguinal rcgioi a small, firm mass w'hich gradu- 
ally increased in size over a period of about foiii months, and then suddenly enlarged 
causing severe pain in this region Two months prior to admission to the hospital in 
January 1947, a smaller mass developed at the inferior limit of the first one There was 
no further progression in the size of either The patient complained of pain in the left 
inguinal region on e’vcrcise There was no weakness, claudication, or swelling of the 
extremity 

Examination revealed a lobulated, pulsating mass, approximately 12 cm in diameter, 
under a left inguinal incision (Fig 3) At the inferior limit of this mass was a smaller 
mass measuring 2 5 cm in diameter \ systolic bruit with a slight pause and a diastolic 
murmur were audible The murmur w'as not continuous, nor w'as it transmitted bejond 
the confines of the mass The veins of the extremities were not enlarged The lower 
extremities were equal in size and without abnormal color changes, ulceration or pigmenta- 
tion There were no color changes on positional mancuicr There was moderate 
sweating of both feet Skin surface temperatures of the toes of both feet were moderatelv 
reduced but equal bilaterallj The right dorsalis pedis pulsation w-as faint, the left w'as 
absent Oscillometric readings were bilaterally equal, sjmmetncal and normal The Kahn 
test was negative A diagnosis of arterial aneurjsm of the left external iliac artcrj 
was made 

On January 23, 1947, under continuous spinal anesthesia, a sympathectoms was 
performed prior to the operative repair A low' abdominal incision w-as made, the peri- 
toneum was reflected medially without opening it, and the common iliac arter\ was 
exposed The lumbar sympathetic chain was exposed and the third ganglion reino\cd 
A clamp W'as placed on the common ilnc artery temporarily to occlude it 

A longitudinal incision w'as then made directly over the aneurjsm which pointed 
under Poupart’s ligament (Fig 4) The sac w'as opened and a large clot remoied 
Bleeding was brisk but the opening w'as found and could be controlled by occlusion with 
a finger The opening itself was closed w'lth four interrupted sutures of silk. There was 
considerable oozing from the w'ound which probably indicated a good collateral circula- 
tion At the end of operation, tlie patient’s foot was warm and pink, and the color 
returned rapidly after pressure Recovery was uneventful 

Case 4 — Mrs E B , GR A132223, age 44 Aricnovoious fistula, right facial vessels 
following injection of procaine thirty years previouslv rreatment by quadruple ligation 
and excision of fistula, October 15, 1946 Recovery 

This patient reported September 27, 1946 because of a tumor on the right side of her 
jaw Her dentist had refused to pull a tooth untd the tumor w'as removed, for fear of 
hemorrhage The patient gave a history of having had a right low’er molar extracted 
W'hen she was twelve years old Procaine was injected prior to extraction of the tooth 
The tumor, which was about the size of an acorn and of bluish color, was first noticed 
when the swelling following extraction subsided Since that time it had slowly grown 
to about 3 cm in diameter 

Examination revealed a bluish streak, 3 cm wide, extending from the right corner 
of the mouth down across the angle of the jaw' and terminating over the bifurcation of 
the cartoid artery Slightly above the streak where the facial artery crossed the mandible, 
there was a soft, nontender mass about 3 by 4 cm m diameter This could be collapsed 
on pressure, but refilled rapidly There was continuous thrill and bruit, accentuated in 
systole, over the entire mass The pulse rate wras 88, and the heart sounds were of good 
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Quality with no irregularities or murmuis A diagnosis was made of arteriovenous fistula, 
right facial artery and vein at angle of the mandible (Fig 5) 

On October 15, 1946, under intratracheal nitrous oxide, oxygen and ether anesthesia, 
operation was performed A linear incision about 5 cm long was made transversely below 
the lower border of the mandible on the right side, beginning just anterior to the angle 
and extending forward As it was impossible to isolate the mam proximal and distal 
vessels to the fistula, the mass was enucleated The proximal and distal arteries and 
veins, together with the collateral vessels, were ligated and divided The wound was 
closed and a pressure dressing applied Recovery was uneventful (Fig 6) 



Fig S — Case 4 Preoperative photograph Arterio- 
venous aneurysm of the facial vessels following pro- 
caine injection 

Case 5 — SV, BU 167-273, male, age 50 A7icrtovenous aneurysm, tight tow! 
vessels, folloiving nephrectomy jot tuberculosis tn 1926 Tteatment by ligation of right 
I enal artery, Febt uary 11, 1947 Recovery 

A printer, age 50, had had his right kidney removed in 1926 because of tuberculosis 
His surgeon stated later that the operation was performed m a routine manner and that 
no unusual difficulty was encountered He further stated that it was possible that the 
artery and vein had been ligated en masse His recovery was uneventful, and he left 
the hospital on the sixteenth postoperative day For ten years he had suffered from 
shortness of breath, and m 1943 he began to have a feeling of oppression and con- 
striction in his chest, which awakened him at night This was diagnosed as pericarditis, 
and he was placed in a hospital for a week His tolerance for activity decreased, and 
he became so short of breath that he had to sit up in bed to sleep comfortably He 
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complained of increasing weakness, nervousness, and periodic licadaclics In December 
1945 he again was m the liospital for three days because of a fiictioii ruli over the left 
lower lobe of the lung wliicli was treated with penicillin lit had returrent bouts of 
pleuritic pain, and over a tlirec-ycai -period on occasion coughed up bright red blood. 
In 1946 he became conscious of a tliumping sensation in liis arms and neck \\licn he sat 
on a hard chair During a physical examination in December 1946, his physician (Dr 
Mason I Lowance) noted a loud, rough murmur oicr the region of the flank wound 
At this time moderate cardiac enlargement was noted 

He w'as admitted to the hospital January 29, 1947 Examination rciealcd a healed 
right flank wound over which a loud continuous bruit, accentuated on heart beat, could 



Fig 6 — Case 4 Postoperative photograph after ex- 
cision of arteriovenous aneurysm 


be heard The heart show'ed marked left ventricular enlargement, the sounds w'ere loud, 
and a systolic murmur was heard at the apex There was an increase in blood volume 
of approximately 450 cc above the normal level A diagnosis of arteriovenous aneurysm 
of the right renal vessels was made 

Operation was performed February 11, 1947 under nitrous oxide and ether anesthesia 
A transverse incision was made, beginning at the costal border on the right, and carried 
directly across the abdomen, dividing both recti muscles (Fig 7 ) The peritoneum w'as 
opened without difficulty The liver was considerably enlarged lust to the left of the 
vena cava, a distinct thrill could be felt This region was exposed by opening the peri- 
toneum along the right lateral border of the duodenum and reflecting the duodenum to 
the left, completely exposing the vena cava and the right kidney fossa (Fig 8) The 
vena cava was greatly enlarged, perhaps three or four times its normal size, and was 

776 



ANEURYSiM FOLLOWING SURGICAL PROCEDURES 

covered with a network of greatly dilated veins thought to be the venae comites Just to 
the right of the vena cava there was a soft knob-shaped protrusion, evidently the end of 
the renal vessels This was the point of maximum thrill The thrill could be obliterated 
by pressure on this point, and the opening between the artery and vein, about the size 
of the tip of the finger, could be felt It was believed that the shunt of the blood from 
the stump of the renal artery into the stump of the renal vein was the cause of the great 
enlargement of the vena cava and of the dilated venae comites An effort was made to 
dissect the stump of the renal artery free from the stump of the renal vein, but this 
was discontinued since it w'as evident that the accidental opening of the vein might lead 
to rapid and fatal hemorrhage Therefore, the vena cava was separated from the aorta 
and the right renal artery w'as isolated as it passed behind the vena cava This artery 



Fig 7 — Case 5 Postoperative photograph showmg 
transverse incision 


w'as enlarged to about twice its normal size It was doubly ligated with medium braided 
silk, the ligatures being placed about 1 cm apart The thrill immediately disappeared, 
and It was believed that this would cure the condition since there are no branches of 
the renal artery 

Observations w'ere made during the course of the procedure The blood pressure, 
which before operation w^as usually 180/70, fluctuated considerably, perhaps due to 
interference with the splanchnic neries m this region On compression of the fistula, 
there was a drop in pulse of twelve beats per minute, and the diastolic pressure rose to 
100 mm of mercury and remained at that level He withstood the operation w'ell, and 
his recovery was uneventful 
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He has been examined on several occasions since the operation, hut tlic enlargement 
of his heart has persisted and the symptoms of cardiac failure, as evidenced by dyspnea, 
have remained It is believed that his cardiac failure resulted from the presence of this 
large arteriovenous shunt over a period of 21 years, so affecting his heart as to produce 
irreversible damage There has been no return of the bruit 

SUMMARY 

In a senes of approximately 650 operations for aneur}sm and arteiio- 
'enous fistula, six have been encounteied which were believed to be the direct 



Fig 8 — Case 5 Arteriovenous fistula in stump of renal vessels Treatment by double 
ligation of the renal artery Insert shows line of incision for mobilization of duodenum 
and exposure of renal fossa 

result of accidental injury of a blood vessel during the course of an opeiative 
procedure One of these was previously reported 

The history of five additional cases is reviewed with description of the 
location of the lesion, type of injury, and the treatment 
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ANEURYSM OF THE LEFT COMMON ILIAC ARTERY SECONDARY 
TO A TRAUMATIC ARTERIOVENOUS FISTULA OF 
THE LEFT POPLITEAL VESSELS" 

J M Donald, M D 
BiRMiNciLwr, Ala 

There have been numerous reports of trtincndous dilatation of an 
artery proximal to an arteriovenous fistula LiUlwisc there have been a few 
leports of an aneurysm developing m an artery proximal to an arteriovenous 
fistula Since this latter complication mth respect to an arterio\ cnous fistula 
IS infrequent, an additional case with reference to several interesting features 
IS submitted 

CASE REPORT 

R G A colored male, age 61, first came under mj obseriation on Vpril 9, 1946, 
complaining of weakness and nereousness 

Past htstoty-— At the age of 18 (43 lears ago) lie was shot through the left leg 
with a 38 caliber pistol The bullet entered the leg postenorfi at the lower le\el of the 
knee and made its exit anteriorlj just below the patella Since that time he has complained 
of a pulsating mass in the left popliteal space and swelling of the left lower cxtremiH 
Large varicose lems haie been present in the imoKed extreniiti for the past 35 jears, 
extending up to the left groin A \aricose vein of the left leg ruptured 25 jears ago 
following exertion and caused a seierc hemorrhage A hematoma de% eloped and was 
incised and drained, requiring 8 months’ bed rest befoie the resulting ulcer healed A large 
pigmented area on the anterior surface of the leg has been present since that time The 
patient has w'orn a supporting bandage on the left leg for the past 25 jears He has 
continued to complain of impaired circulation in the left leg In recent jears he has 
developed mild dyspnea on exertion and palpitation of tlic heart Epigastric discomfort 
has been present for the past 6 months 

He ga\e no history of sj'philis and stated that repeated “Iilood tests’ lia\e been 
negative One year ago he first noticed a pulsating mass m tlie left lower abdominal 
quadrant, w'hich has grown progressivelj' larger but has caused him no apparent discom- 
fort No history of frank left or right sided heart failure was obtained His weight has 
decreased from 203 to 161 pounds m the last year 

Physical evammation — The patient showed evidence of moderate weight loss Blood 
pressure w'as 140/70 The pulse rate w'as 76 There were frequent premature beats 
The heart w'as enlarged 3 cm beyond the normal limits Aortic and mitral systolic mur- 
murs were present 

Abdominal examination revealed a large expansile, pulsating mass m the left low'er 
quadrant corresponding wuth the location of the left common ihac artery The mass was 
approximately the size of a grapefruit, measuring 10 cm x 12 cm On auscultation a 
loud systolic bruit could be heard over the mass 

The left low'er extremity was considerably largei than the right Large varicosities 
w'ere present from above Poupart’s ligament down to the ankle The leg showed edema 
and induration of the soft tissues with extensive pigmentation and scarring from pre- 
vious ulcerations 

Examination of the popliteal space revealed a large pulsating mass measuring 
approximately 8 cm x 12 cm and filling the entire space A thrill could be felt over the 
mass On auscultation a loud continuous bruit could be heard with greatest intensity 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 
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over the popliteal space but extending well onto the thigh and the leg By palpation the 
femoral arteiy was found to be dilated 

Obliteration of the arteriovenous fistula by digital pressure produced a slowing of 
the pulse rate from 72 to 56 per minute (positive Bianham’s sign) and an elevation of 
blood pressure reading from 120/50 to 170/90 There was no clinical evidence of dimin- 
ished circulation m the involved leg or foot following obliteration of the fistula 

Hemoglobin was 78%, erythrocjde count 3,980,000 and the leucocyte count 5,100 
UnnaR'sis was negative The blood Wassermann was negative Roentgen-ray examina- 
tion of the chest revealed definite cardiac enlargement Electrocardiographic interpreta- 
tion May 6, 1946, by Dr John B Burrett, revealed a borderline tracing compatible with 
myocardial damage It showed auricular bigeminy, auriculoventncular and intraventri- 
cular conduction duration at upper limit of normal (0 2 and 010-011 seconds respec- 



Fig I —A Anterior view before operation showing enlarge- 
ment of the left lower extremity, varicosities and extensive 
pigmentation of the leg B Lateral view of the left leg 
showing prominence of the popliteal space at the site of 
arteriovenous fistula 

tively) , prominent Q in C F 4, 5 and 6 Subsequent electrocardiograms (following 
operation) have shown no significant change from that described above except that m 
one taken recently premature beats were no longer present 

Diagnosis — (1) Arteriovenous fistula of the left popliteal vessels of 43 years’ dura- 
tion (2) Large fusiform aneurysm of the left common iliac artery secondary to the 
popliteal arteriovenous fistula 

After consultation with Drs J M Mason and D C Elkin, it was considered advisable 
to operate on the arteriovenous fistula with the hope of improving the status of the iliac 
aneurysm, the heart and the circulation in general 

The patient was admitted to South Highlands Infirmary on May 29, 1946 The Matas 
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test proved the circulation to be adequate when the fistula was obliterated The patient 
was instructed to obliterate tlie fistula at frequent intervals in order to accommodate the 
cardiovascular system to the changes incident to elimination of the fistula 

Operation June 3, 1946 Sextuple ligation (popliteal artery and vein proximally and 
anterior and posterior tibial arteries and veins distally) and complete excision of the 
arteriovenous fistula 

Under spinal (pontocame) anestliesi „ a tourniquet was applied to the upper thigh 



Fig 2 — A and B Anterior and lateral views made 18 
months after operation showing a decrease m the size of the 
left lower extremity and less evidence of varicosities 


The patient was placed in the prone position and an incision 20 cm in length was made 
over the popliteal space The common peroneal and tibial nerves were dissected free of 
the aneurysm and were retraced laterally A large saccular arteriovenous aneurysm was 
found filling the popliteal space It measured 8 cm in width and 12 cm in length The 
popliteal vein was 5 cm in diameter The popliteal artery was thinner than normal and 
was densely adherent to the vein The artery proximal to the fistula was dilated to 1 5 cm 
in diameter and thin walled The fistula was present just at the level of biturcation of 
the popliteal artery The anterior and posterior tibial arteries were found to be larger 
than normal It was impossible for me to separate the artery and vein at the site of the 
fistula After ligating the popliteal artery and vein proximally and the anterior and 


782 



vZ^Ji27 aneurysm of the left common iliac artery 


posterior tibial arteries and veins distally with heavy snk, the 
intervening segment, including the fistula, was excised A pen- 
rose drain was inserted and the wound was closed, obliterating 
the dead space as much as possible 

At the end of the operation the blood pressure reading was 
150/110 The pulse rate was 90 and the rh>thm was regular, 
whereas before the operation many extra systoles were present 
The left foot and leg were as warm as the right The pulsations 
and bruit in the iliac aneurysm were definitely diminished in inten- 
sit}'- No pulsation could be felt in the left posterior tibial or dor- 
salis pedis arteries either before or after operation 

The specimen measured 13 cm x 6 cm In the middle there 
was a fusiform enlarged portion measuring 6 cm x 4 cm , which 
proved to be the popliteal vein The vein wall was tough and 
irregularly calcified Several saccular swellings arose from the 
popliteal A'em opposite the fistula There was considerable fibrosis 
of the walls of the arter}' but this was more marked in the vein 
The fistula was located at the level of the bifurcation of the 
popliteal artery and apparently involved its anterior and posterior 
tibial branches at the site of tlie communication with the popliteal 
vein The fistula was approximately 1 cm in diameter 

Posiopetative coinse — The patient developed a low grade in- 
fection in a hematoma of the w'ound The penrose dram may 
have been a factor in this complication There was an associated 
mild cellulitis of the thigh just above the wound The wound 
continued to drain until all silk sutures were recovered The 
circulation has remained good m the left foot and leg following 
operation There has been a progressive decrease m the size of 
the iliac aneurysm Six foot chest roentgenograms show definite 
decrease in heart size following operation 

The last examination on November 12, 1947 (18 months after expiration of the 
arteriovenous fistula) revealed the iliac aneurysm to be reduced to 1/3 its original size 
The bruit over the aneurysm is very faint The left femoreal artery remains somewhat 
dilated but has diminished in size There is no clinical evidence of heart disease The 
circulation distal to the site of the arteriovenous fistula is better than before operation 
The patient has gained SO pounds and is working regularly The left thigh, though 
smaller than before operation, remains larger than the right and the patient has continued 
to wear a bandage on the left leg to control oedema Blood pressure was 140/90 The 
pulse rate w’as 76 and was regular in rhythm 

COMMENT 

In an admittedly incomplete leview of the literature there have been nine 
cases of this particular complication reported^® It is only in arteriovenous 
fistulae of many years duration (13 to 40 yeais in this series) that these 
proximal arterial aneurysms have been obseived 

William Hunter^® in 1762 was the first to accurately describe an arterio- 
venous fistula Since that time outstanding contributions by Matas, Reid, 
Callander, Holman, Mason, Pemberton, Bigger, Gage, Elkin and others have 
emphasized the seiious systemic or cardiovascular effects of an arteriovenous 
fistula and have developed adequate methods of tieatment This discussion 



Fig 3 — Posterior 
view after opera- 
tion showing the 
relative size of the 
two extremities 
and the line of in- 
cision 
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Tig 4 — A Roentgenogram of the thorax made before operation showing enlargement of 
the heart B Roentgenogram made after operation wlncli rc\cals definite decrease in tlie 
size of the heart This decrease in si/e occurred witliin a few weeks following operation 
and has remained this size 

will be limited chiefly to the effects of an arterlo^ enous fistula on the proximal 
artery and moie specifically to aneuiy&m of the proximal artery 

In the article referred to above, Hunter likewise called attention to dilata- 
tion of the artery proximal to an arteriOA’^enous fistula In describing this find- 
ing in a case of arteriovenous fistula of the brachial vessels he stated “A little 
above the bend of the arm the artery makes a i emarkable sei pentine turn Avhich 
raised up the skm and by force of the pulsation looks as if it w'as a beginning 
aneurysm The artery at the w'list is much smallei and its pulsations much 
weaker than that of the opposite side ” 

Callander^^ in 1920 analyzed 447 cases of arteriovenous fistula and found 
\ a record of proximal dilatation of the artery m 57 cases (12 7%) The 
aitery distal to the fistula w^as usually contracted In only 3 instances in tins 
large series was the distal artery found to be dilated Reid^'* observed dilatation 
of the distal arter}’’ in one of his cases The distal arteiies in the present case 
A\ ere larger than normal 

Matas^“ found notable enlargement of the artery proximal to the fistula in 
the majority of his long standing cases In several instances the thoracic aorta 
participated in the arterial enlargement Matas^^ further stated that the en- 
largement of the artery on the proximal side of an arteriovenous fistula and 
increase volume of blood that flows through it is but an effort to compensate 


784 


ANEURYSAI OF THE LEFT COMAION ILIAC ARTERY 

for the lelative ischemia of the tissues below the fistula and that the enlarge- 
ment of the aiteiy is diicctly piopoitional to (a) the size of the fistula (b) the 
volume of aiteiial blood that is shoit cncuited into the veins at the fistula and 
(c) the duiation of the fistula 

A 





>• ! 



B 

Fig 5 — Excised segment of popliteal artery and vein containing fistula 
A Unopened specimen showing fusion of artery and vein and sacculation 
of the popliteal vein B Specimen opened to demonstrate fistulous com- 
munication between artery and vein Note extensive calcification m the 
popliteal vein 


Reid^^ obseived that a fistula between an artery and vein leads to definite 
changes in the vessels The arteiies proximal to the fistula become dilated and 
thin walled and often show maiked degenerative changes The veins dilate 
^nd their walls may become thickened He suggested that the alterations in 
pulse pressure might be responsible for the atrophy of the arteiy and hyper- 
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trophy of the vein He further suggested that some alternation in the nutrition 
of the vessel walls might be a factor in these changes 

Holman^® explained the cardiac enlargement and the dilatation of the 
proximal vessels associated with an arteriovenous fistula on purcl} mechanical 



Fig 6 — Drawing to demonstrate site of 
fistula at the bifurcation of the popliteal 
artery The dilated fusiform vessel repre- 
sents the popliteal vein 

and physical grounds The aiea of low- 
ered resistance produced by the fistula 
results m the establishment of two 
routes for the passage of blood (1) 
through the normal capillaiy bed back 
to the heart, (2) through the fistula 
back to the heart A greater volume of 
blood will be directed toward the fis- 
tula than toward the capillary bed and 
this greater flow of blood produces the 
dilatation of the vessels leading to and 
from the fistula 

Just as the vessels respond to the 
greater volume of blood passing through 
them, so will the heart dilate to accom- 
modate the increased flow through its 
chambers The amount of blood short 
circuited will depend upon the size of 
the fistula and upon the unobstructed 
return flow to the heart Holman re- 
ports a case of a large arteiiovenous 
fistula of the femoral vessels of 26 yeai s’ 
duration with marked dilatation of the 
heart and proximal vessels m which 
there was almost complete disappear- 
ance of the dilatation following quad- 
ruple ligation and excision of the fistula 




hiG 7 — A Drawing to illustrate the 
size of the iliac aneurysm and the 
femoral artery proximal to the arterio-' 
venous fistula A segment of tlie poph- 

j fistula IS in- 

cluded in the drawing 

B Drawing to illustrate the reduction 
in size of the iliac aneurysm and the 
femoral artery following extirpation of 
the fitula 


are t- i believed that circulatory cha: 

rlt JX r “T “ unobstn, 

.mportanZ H i' 'Yo ““ feluln ib ^ factor of m 

importance HoIman>« further explained the physiologic effects of an art. 
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venous fistula by considei ing the short circuit to the heart as a new circulation 
parasitic upon the noimal circulation 

Peniberton^'^ m a discussion of the degeneiative changes m the arteiy 
^ pioximal to an arteriovenous fistula called attention to the increased intra- 
arterial piessure and weakened aiterial wall as rendeiing conditions ideal for 
the production of an aneurysm and warns that this danger must be thought of 
as a potential complication m all neglected cases of arteriovenous aneurysm 
Elkin® has pointed out that the improvement of an aneurysmal dilatation 
in the proximal aitery after elimination of the ai teriovenous fistula will depend 
upon the amount of damage which has already taken place in the artery and 
that this damage may be irreversible 

Reid® and Neuhof® each reported a case m which an aneurysm developed 
in the proximal artery several years after the arteriovenous fistula had been 
eliminated In Reid’s patient the fistula of the femoial vessels in Hunter’s 
Canal had been present for over 30 years The artery was dilated from the 
fistula back to the heart At operation Dr Halsted separated the artery and 
vein at the fistula and then reestablished continuity of both vessels Six yeai s 
latei a large true aneurysm developed m Scarpa’s triangle In the case re- 
ported by Neuhof a large dissecting aneurysm of the left iliac artery developed 
rime years after quadruple ligation and excision of an arteriovenous fistula of 
the left femoral vessels by Dr Pemberton This arteriovenous fistula had been 
present for 31 years 

In the case herein reported the popliteal arteriovenous fistula had been 
present for 42 years before the iliac aneuiysm made its subjective appearance 
Although the size of the fistula was relatively small (approximately 1 cm in 
diameter) the patient had exhibited all the local signs of an arteriovenous fistula 
(varicosities, trophic ulcers and deficient circulation of the leg) for many years 
before obvious systemic effects became manifest (enlargement of the heart, 
incipient cardiac decompensation, dilatation of the proximal artei y and aneurys- 
mal dilatation of the iliac artery) The iliac aneurysm m this patient is con- 
sidered to be a direct result of the arteriovenous fistula for the following 
leasons (a) It developed m the artery proximal to the fistula (b) There has 
been no history of a syphilitic infection (c) There was marked diminution m 
size of the aneurysm following extirpation of the arteriovenous fistula 

This case tends to confirm the observation of Matas^® that the duration of 
an arteriovenous fistula, as well as the size, is an important factor in the pro- 
duction of dilatation of an ai tery proximal to an arteriovenous fistula 

SUMMARY 

A case of traumatic arteriovenous fistula of the popliteal vessels of 43 years 
duration is reported A large, true aneurysm of the iliac artery proximal to the 
fistula developed several years after the onset of the fistula The femoral artery 
was dilated from the fistula to the aneurysm The heart was enlarged and there 
was evidence of myocardial damage 
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Following sextuple ligation (popliteal artery and vein proximal to the fistula 
and the anteiioi and postcnoi tibial aiteiics and veins distally) and excision ot 
the fistula, theie was piompt i eduction in the si/e of the iliac ancui}sm Six 
months aftei opeiation the aneuiysm had leduecd to 3<3 Jts oiiginal size and 
the systolic bruit was onl} faintly audible The hcait has definitely decreased 
in size as demonstrated by roentgen-ray There has been no c\ idcncc of cai diac 
decompensation and tlie circulation m the involved leg has shon n decided im- 
jwoveinent Examination 18 months aftei opeiation revealed no significant 
changes m the findings noted above 
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Discussion —Dr Edward F Parker, Charleston, S C We wish to congratulate 
the speakers, and Doctor Blakemore * m particular on his most ingenious and brilliant 
method of dealing with such a difficult lesion as aneurysm of the aorta 

Recently we were faced with the problem of having to deal with a large luetic 
saccular aneurysm of the mid-descending portion of the thoracic aorta The wall of the 


*Dr Blakemore’s paper “Surgical Aspects of Aneurysm of the Aorta” will appear 
in the Southern Surgical Transactions, Vol 59, 1947 
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aneurysm was already badly toin, and a fatal hemorrhage was imminent We did not 
have the equipment described bj Doctoi Blakemore, and therefore decided to try com- 
plete double ligation of the aorta in stages, with the ultimate goal that of complete 
excision of the aneurysm and the intervening segment of aorta involved Though we did 
not meet with success, we feel that it is of interest to report the case 

The patient was a 38-yeai-old Negro He looked perfectly healthy, but had been 
spitting up blood four or five times a day for the previous eight months In the week 
before admission to the hospital he had had two very massive hemoptyses , during the 
second, he said that he spit up at least a quart of blood X-rays of the chest (slides) 
showed a large rounded mass in the region of the hilum of the left lower lobe On 
fluoroscopy, the mass did not appear to pulsate and, in particular, no expansile pulsation 
could be noted Other studies w'hich w’ere done shed no light We did not know what 
it was, thought it likely that it w'as carcinoma, and did an exploratory thoracotomy on 
the Sth of November of this year 

As soon as the left chest w'as opened it w’as apparent that the mass was an aneurysm 
of the aorta as it had an expansile pulsation wdiich could be felt through the overlying 
adherent lung The lung w'as freed from it with difficulty, as it had eroded the lung 
(slide) In doing this, the w^all of the aneurysm w'as torn (slide) so that the lamellated’ 
clot W'as exposed Wh\ the aneurysm did not bleed at that moment we will never know, 
but it did not Therefore, w'e decided to do a proximal ligation of the aorta, and 
occluded the aorta just above the aneur3'sm, about 70 per cent This was done with two 
ox fascia ligatures tied over a tape of cellophane (slide) 

Follow'iiig operation, tests for lenal function were normal The patient complained 
of coldness of the feet for several daj'S, but then subjective w'armth leturned Even so, 
his feet remained rather ischemic although both dorsalis pedis pulses were present but 
W'eak immediately following operation A mild hypertension persisted only a few days 
On the 13th postoperative day he died of rupture into the left pleural cavity after the 
induction of anesthesia foi a second-stage distal partial ligation, but before the operation 
could be carried out 

Autopsy show'ed grossly normal kidneys, liver and heait The ligatures on the aorta 
were intact, and the lumen w'as constricted an estimated 70 per cent (slides) 

Even though Ow'ings and Hewitt were successful m only four out of 79 experimental 
animals in double ligation and division of the aoita, w'C still w'onder if such w'ould not 
be successful in the human if one could work under conditions not threatened by imminent 
rupture w'lth fatal hemorrhage We w'ould like to have Doctor Blakemore’s opinion 
on this 

Dr Allen O Whipple, New York I cannot let this opportunity pass without 
expressing my appreciation of the w'ork of Arthur Blakemore He has spoken here 
about the stress and strain on the aneurjsmal sac, but has not mentioned that on Arthur 
Blakemore He worked with a method w'hich theoretically was very complicated His 
operating room for the years I was there looked like a physicist’s laboratory, and he 
accomplished things against a great deal of difficulty He w'as working in what was 
considered a hopeless field, and has done what he has reported w'lthout mention of the 
stress and strain on himself I think it is because of his coming from old Virginia stock 
—they are very hardy 

Dr Barn! y Brooks, Nashville, Tenn I cannot resist the temptation to compliment 
Doctor Elkin for calling attention to the fact that accidental injury of a large artery in 
the course of a surgical operation is too frequently the cause of an arterial aneurysm and 
n^ass hgation of a large artery and vein may result in an arteriovenous fistula I can 
recall having operated on two arterial aneurysms of the common femoral artery produced 
bv accidental injury in the course of an operation for inguinal hernia, and one relatively 
large arteriovenous fistula from mass ligature of the femoral artery and vein from 
thigh amputation 
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Concerning Doctor Donald’s paper, I would seriously question whether the enlarge- 
ment of the common iliac artery was in reality an arterial aneurysm The fact that the 
pulsating tumor diminished in size after closure of the arteriovenous fistula of the popliteal 
vessels makes it more likely that the condition, believed to be an arterial ancurj'sm, was 
in reality the great dilatation and tortuosity which occurs in an artery proximal to an 
arteriovenous fistula of long duration It is also interesting to point out that operations 
lor subclavian aneurvsm have been performed in instances of a similar dilation which 
takes place in an arterv just distal to a partial obstruction b> a ccrrical rib 

Doctor Blakemore’s presentation is a remarkable demonstration of what can be 
accomplished for the relief of arterial aneurysms near the base of the heart, where it 
appears unlikely that extirpation or the Matas operation can c% er be applied One cannot 
help but wonder if the excellent results obtained b\ Doctor Blakcmore are not due to his 
careful study of patients before treatment, and thus his abilitj to obtain clotting at the 
most favorable site, rather than because of his modification of the Moorc-Corradi method 
introduced many vears ago The remarks of Doctor Whipple support this idea 

Dr J M T FiNxrv, Jr, Baltimore In line with Doctor Elkin’s paper, I felt it 
might be worth wdiile to speak of a traumatic aneurjsm for which I think I was 
responsible This occurred m operating on a rather obese woman about so years of age 
for an acute gallbladder, through a subcostal incision, using a Dca\er retractor with a 
rather sharp edge The operation went along all right, it was a red hot gallbladder, 
which we removed with some difficultv, and we thought eierj thing was all right She 
w’as a chronic complaincr and very nervous, and three or four times she complained of 
severe pain in the right flank for which w’c could find no reason There w’as nothing in 
the urine, no elevation of temperature or pulse On the 12th postoperatne da} she sud- 
denly went into collapse and died before anything could be done 

At autopsy we found a tremendous retroperitoneal hemorrhage and the pathologist 
demonstrated a traumatic aneurysm of the right renal artery, apparently where it had 
been pinched by the Deaver retractor against the vertebral bodies I do not know how 
common such an accident may be, but in looking back and considering how easily such a 
thing could happen, I w'onder that it has not occurred more frequent!} than reports in 
the literature would indicate - , 

I was extremely interested in Doctor Blakemoie’s paper, because mv father reported 
before this Association many years ago (1911*) twenty personal cases of wiring of 
aneurysms up until igio He did not have the technical refinements Doctor Blakemore 
had, nor did he obtain very remarkable results other than some alleviation of pain in 
these cases, but the methods used were rather comparable, including the passage of an 
electric current through the w'ire after its insertion in the aneurysm 

Dr James C Ow'ings, Baltimore I would like to congratulate Doctor Blakcmore 
on the development of the method he used and the excellent results he has had in his 
series of cases About 1940 Doctor Blalock suggested that I go to New York and 
observe his work He was extremely kind to me, and I learned his technic in detail 
I stayed several days and came home with the idea of trying the same method at 
Hopkins Our problem was to develop a means of heating the wire , that took us about 
two years We now have an apparatus that can be earned to any hospital or operating 
room and plugged into any outlet We have treated seven cases, with not as good results 
as his, principally because the aneurysms have been very large and five were of the 
abdominal aorta 1 wish to report these cases later in detail, with a description of the 
new apparatus, so that it will be available to anyone in the country It is the only one 
available now and would have to be made bv hand By this time next year I believe 
I will hav'e enough details so that anvone could have a technician build one The patient’s 

* Trans South Surg Assn Vol XXIV, 246 (1911) 

790 



Volume 127 
Number 5 


ANEURYSM OF THE LEFT COMMON ILIAC ARTERY 


pain IS relieved in a most striking way When he is admitted to the hospital he often 
cannot he down, cannot sleep, and within an hour after the operation he is relatively 
comfortable If nothing more were accomplished, that would be worth while 

I want to thank Doctor Blakemore for his interest and courtesy m helping me get 
started 

Dr Deryl Hart, Durham, N C A recent patient, having a traumatic aneurysm 
with a symptom which I had not seen before, seems worth presenting She gave a history 
of having a gallbladder operation, following which her physician told her he had had 
to take deep sutures into the liver to control bleeding After the operation, for a period 
of eight months she had occasional bleeding and drained bile from the sinus tract Also, 
she had a few profuse hemorrhages from the gastro-intestmal tract, with which she went 
into collapse and subsequently passed tarry stools She was studied carefully for the 
cause of the gastro-intestmal tract bleeding, but nothing could be found either by general 
examination or by x-ray studies Because of the persistent sinus, severe pain, and the 
history of gastro-intestmal hemorrhage, the abdomen was explored 

The adhesions were quite dense over the bed of the gallbladder and, when these 
were released, there was a gush of blood and the blood pressure dropped precipitously 
until it was imperceptible Large quantities of blood were given, while bleeding was 
partly controlled by packs while the structures were freed from the liver We found a 
large laminated clot and the blood was coming through the slit between this and the 
surrounding structures The clot was quickly evacuated, the blood was coming from a 
hole in the liver near the entrance of the hepatic duct This hole was the size of the 
end of the index finger, which was inserted as a plug to control the bleeding The cavity 
was palpated and was about the size of a golf ball Even the briefest removal of the 
finger was followed by a gush of blood and an immediate drop in blood pressure, so 
that further examination was impossible The cavity was filled with muscle as the only 
feasible procedure and sutures were placed through the neck of the opening to hold the 
muscle in place It should be noted that compression of the portal vein and hepatic 
artery did not affect the blerding 

After a week of uneventful convalescence the patient demanded her release and 
returned home, over the protest of the hospital personnel and her family The dangers 
of further hemorrhage were explained to the patient and to her family About two weeks 
later the pain recurred, she was admitted to the hospital, there was a gradual drop of 
blood pressure and, after about 24 hours, she died as a result of local hemorrhage 

During the past year we have had a somewhat similar case This patient, a young 
man who was injured in an automobile accident, was sent in by his local surgeon because 
of recurring intraintestinal hemorrhages He had had a number of attacks, each begin- 
ning with severe pain in the right flank and followed after about 15 minutes by severe 
drop in blood pressure and evidence of shock Each attack was treated by blood trans 
fusions, with relief of shock, and was followed by the passage of voluminous tarry stools 
In our hospital he had recurring similar attacks, not influenced by an abdominal explor- 
ation, which was negative except for some adhesions at the site of an injury to the liver 
We did not feel that a patient could bleed through the common bile duct for so long a 
time following an injury of the liver However, this seemed the most likely explanation 
of the hemorrhages, so a second operation was performed shortly after a hemorrhage 
had occurred, so as to investigate the possibility of the blood passing from the liver to 
the intestine through the bile ducts The common duct and the gallbladder were filled 
with blood, and the duct was drained m the hope of relieving the pressure and allowing 
the cavity m the liver to collapse Recovery was uninterrupted, and the patient has had 
no further hemorrhages 

Dr Joseph E J King, New York I want to report briefly three cases of aneurjsm 
of the abdominal aorta The first ^\as in a patient 63 years old with a large aneurism 
below the renals It bulged more to the left than to the right I discussed his case over 
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the telephone with Dr John Morton and Dr Mims Gage and asked their advice It was 
decided that a bilateral lumbar sympathectomy should be done followed by partial occlu- 
sion of the aorta above tbe aneurysm The sympathectomy was performed at Lenox Hill 
Hospital on December 13, 1946 The aneurysm reduced to about half the original size 
It was much firmer, and the excursions of the pulsation were not so great Complete 
ligation of the aorta was not considered However, on January 6, 1947, Dr Gerald Pratt 
and I partly occluded the aorta just above the aneurjsm and below the duodenum with 
two umbilical tapes tied over a double thickness cuff of fascia lata about i 5 inches wide 
The tapes were placed about five-eighths inch apart over the cuff It was assumed that 
the occlusion amounted to about one-third or one-half of the lumen Each tape was tied 
with three knots The patient made an uneventful recovery The aneurjsm was somewhat 
reduced in size, and the patient returned to his business 

Early m March — two months after the operation — I saw him in mj office and he 
was feeling quite well The pain m his left side and down his left leg had disappeared 
Five daj's later he returned to the hospital after having v'omitcd and passed considerable 
blood He was cold and clammy and m shock Gradually he improved, and repeated 
small transfusions were given He had recurring bouts of rather massive hemorrhage 
per rectum, each episode secminglv a little worse than the preceding After the fifth 
he failed to rally, and died on April 21, 1947 

At autopsy it was found that the ligature had cut into the aorta on the anterior side 
and a knot had pressed through and perforated the overljing duodenum The condition 
found readily explained the cause of the vomiting and passing of blood There was no 
damage to the posterior wall of the aorta (Three slides were presented showing the 
openings in the aorta and duodenum, and the sausage-hke mold of the blood clot in the 
small intestine ) 

About six weeks after this patient was operated upon, Dr DeWitt Stetten had a 
case that was practicallv identical, on which he earned out the same proceduic The 
result in this case was the same, death being caused by perforation of both aorta and 
duodenum with similar signs and symptoms (Three lantern slides were presented , these 
were practicallv duplicates of those in the first case ) 

The third case was a 73-year-old gentleman, father of one of mj colleagues The 
aneurysm was enormous, situated above and at the bifurcation and extending downward 
into each common iliac artery We contented ourselves with bilateral lumbar sympathec- 
tomy which reduced the aneurysm to almost one-half its size The patient is up and 
about m the hospital, and no attempt at partial occlusion is contemplated in view of the 
previous experiences Perhaps Doctor Blakemore will see this patient and advise us 
regarding wiring the aneurysm 

Partial occlusion of the aorta above the aneurj sm by means of tape with large knots 
certainly is to be condemned It is possible that partial occlusion by means of a wide, 
rustless steel band overlying three or more thicknesses of fascia lata might be of value, 
for the reason that autopsy showed marked clotting and obliteration of the aneurj'smal 
sacs following the partial occlusion , and had the knots and thin tape not perforated the 
aorta and duodenum good results probably would have ensued 

I want to thank Doctors Elkin, Donald and Blakemore for their splendid papers 

Dr Arthur H Blakemore, New' York (closing) I want to thank Doctor Whipple 
for his remarks and am particularly glad of this opportumtj' to express my appreciation 
of his good counsel and encouragement during the developmental stage of this w'ork 

Doctor Finney’s remarks recall the pleasant occasion of my last meeting with his 
father, when he expressed great interest in our new method of wiring aneurysms 

The deaths reported bj' Doctors Parker and King confirm what long experience 
has taught, namelj', the dangers of applying encircling, constrictive devices (bands, lig- 
atures, etc ) about the aorta And this is true irrespectu'e of the material employed, 
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because the constricting piessure alone stops circulation through the vaso-vasorum, 
which in turn results in ischemic necrosis ol the aorta wall 

Some years ago the late Di Mont R Reid devised an experimental method of 
occluding the dog’s aorta which embraced the principle of endoartenal occlusion He 
introduced a ball of fascia lata through a small longitudinal incision in the aorta and 
retained the ball in place by two through-and-through mattress sutures Retaining the 
principle of endoartenal occlusion, we have devised a method that has proven clinically 
satisfactory for the progressive closure of the aorta without damage to the vaso-vasorum 
or the aorta wall Our method is employed m conjunction with wiring and electrothermic 
coagulation and is ideally suited to the treatment of arteriosclerotic aneurysm of the 
abdominal aorta because of its atraumatic features 

In applying our method of progiessive endoaiteiial occlusion with electrothermic 
coagulation for the treatment of arteriosclerotic aneurysm of the abdominal aorta our 
present policy is to do first a sympathectomy on the right side After an interval of 
ten or more days, a sympathectomy is performed on the left and, through the same 
incision, the abdominal aorta and the upper part of the aneurysm are exposed 

Since the arteriosclerotic aneurysm almost invariably arises from the abdominal aorta 
three or more centimeters distal to the origin of the renal arteries, it is feasible to place 
the obstruction in the aorta immediately proximal to the aneurysm 

Accordingly, a special needle is introduced into the aorta at a point three or more 
centimeters proximal to the aneurysm and directed obliquely distalward Fine (No 34 
Ga B&S), com silver wire coated with polyethylene containing an irritating plasticiser 
IS passed through the needle into, the aorta Compression of the aorta at the aneurysm 
junction during the passage of the wire confines it to the aorta and forces the forma- 
tion of a self-retaining ball of wire immediately proximal to the aneurysm 

As more and more wire is concentrated in the ball, the physical state of turbulence 
IS engendered in the on-rushing blood The effect of turbulence of the blood, with its 
hundreds of colloding streams, is to iron out the systolic thrust (pulse wave) before it 
reaches the aneurysm proper This effect largely eliminates the “see-saw” pulse strain 
upon the sac wall of the aneurysm — this is quite a factor in the average arteriosclerotic 
who, in the absence of elastic recoil in the artery walls, carries oscillometric readings 
two, three, or more times normal values 

During the passage of the wire for its impedence effect, an oscillometer placed upon 
the leg satisfactorily registers the decline in pulse pressure — a 50 per cent reduction is 
the desired amount After a sufficient amount of wire is passed, the ends of the wire 
are pushed through the needle with a stylet 

Finally the needle is advanced distalward m the aorta through the ball of concentrated 
wire well into the aneurysm At this level two or more lo-meter segments of insulated 
wire are well distributed within the aneurysm proper Each segment of wire is heated 
to 80° C for a lo-second period The heat causes a protein coagulum to form upon the 
wire which, m turn, stimulates blood clotting within the aneurysm Also, raising the 
temperature of the wire to 80° C by passing a direct current through the wire, causes 
subsequently a heat inflammation in the sac wall of the aneurysm This helps to promote 
organization of the blood clot and thus strengthen the aneurvsm against sudden rupture 
of subsequent growth After heating the respective segments of \\ire, the ends of tlie 
wire are pushed through the needle into the aneurysm and the special needle is withdrawn 
Finally, a film of polyethylene containing an irritating plasticiser is placed about the 
aorta overlying the exact site of the ball of wire within the aorta The surrounding 
tissues are protected from the irritating effects of the above film bj covering it with a 
film of pure pob'ethylene, which is not irritating to tissues The plastic film is placed 
loosely about the aorta so as not to cause pressure necrosis of tlie wall but to stimulate 
fibroplasia about tlie wall of the aorta Immediately %\ithin, the aorta wall is in contact 
With plastic coated wire which causes a similar reaction Thus, graduallj, o\er a period 
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of weeks, the process of fibrotic constriction of the aorta takes place at the site of election 
immediately proximal to the aneurysm at no time offering the threat of sudden hemor- 
rhage from pressure necrosis of the aorta wall 

The above described procedures may be earned out without the necessity of ever 
really touching or disturbing the aneurysm This is an important consideration when 
dealing with arteriosclerotic aneurysms which are prone to develop weakened areas of 
anemic necrosis of the sac wall It is this characteristic pathologic feature, in combination 
with the abnormally high pulse pressure of the arteriosclerotic, that makes this type of 
aneurysm far more liable to sudden rupture than the syphilitic \ariety of aneurjsm 

To summarize The combined operation effects a lessening of strain upon the 
aneurysm by (i) lowering sjstemic blood pressure (sympathectomy), (2) elimination 
of the abnormal pulse pressure through the creation of turbulence bj the introduction of 
a ball of wire into the aorta immediateh proximal to the aneurysm, (3) reduction of 
the surface area of the aneurysm by clotting The aneurysm is strengthened bj the 
promotion of fibroplasia, clot organization, the result of heat inflammation Fimllj, the 
induction of chemical inflammation through the emplojment of poljeth>lene containing 
an irritating plasticiser in contact with the aorta wall immediately proximal to the 
aneurysm, sets the stage for progressive endoartenal occlusion 

When dealing with large, rapidly growing arteriosclerotic aneurysms of the abdom- 
inal aorta, it may be wise, after a three to six months interval, to do a second stage 
procedure At this operation an aneurysm which has become well supported In clot from 
a previous procedure may be safely approached transperitoneally through a left rectus 
incision At the second stage, as indicated, the followung may be accomplished (i) 
Introduction of additional plastic (polyethylene) coated wire into the aorta immediateh 
proximal to the aneurysm for its impedence effect, (2) Introduction of additional seg- 
ments of insulated wire into the aneurvsm for heating, m areas where more clot is 
desirable, (3) In those cases having considerable clot w’lthin the aneurysm it is safe to ' 
reflect the peritoneum lateralward and apply polyethylene film containing an irritating 
plasticiser about the anterior and lateral portions of the aneur\sm This film is, of 
course, overlaid with a non-irritating film of pure polyethylene to protect the overlying 

peritoneum 

Doctor Owens, with the aid of his talented engineer brother-in-law, has constructed 
a compact heating unit that is satisfactory for the electrothermic method, if due caution 
IS taken against overheating the wure Doctor Owens is a most careful operator, and 
I shall expect of him excellent results Though our equipment is more cumbersome, 
the ratiometer employed by us does indicate the exact temperature of the wure at all times 
during the heating period 
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Joe V Meigs, M D 
Boston, Mass 

Perhaps it is unnecessary to ^^rlte again upon the subject of endo- 
metriosis However, aftei mai^ years of careful obseivation of this phe- 
nomenon certain definite ideas have aiisen as to its cause, its treatment, and 
Its significance The conclusions drawn by one interested in the subject, foi 
26 yeais may be of help m solving a suigeon’s reaction to the treatment of 
some of the problems presented There can be no doubt about the great 
frequency of endometiiosis So many of these endometrial lesions are found 
m patients who have no symptoms attributable to their endometriosis, that 
it is logical to feel that most endometiiosis simply represents abnormal physi- 
ology and not true disease It is possible that it has even inci eased in frequency 
but the appai ent increase may be due to the more careful observation of and 
to more careful selection of tissue tor the pathologist To me it seems to be 
much more evident than ever before In 1922, one year after the time of 
John A Sampson’s epoch-making studies of the disease, I was assistant to 
the late Dr William P Graves at the Free Hospital for Women m Brookline, 
Massachusetts Dr Graves was extremely interested in the problem presented 
by Dr Sampson and a careful search for endometrial lesions brought very 
few results Later, as assistant to the late Dr George W W Brewster, we 
were still unable to find frequent endometriosis Within the last ten yeais 
the author has found that a very large percentage of Ins gynecologic cases 
operated upon for various reasons have the tell-tale small, blue to black, 
puckered areas and that aftei excision of such areas and microscopic study 
by the pathologist a diagnosis of endometriosis could be made It is possible 
that better exposure of the deep pelvis because of the routine introduction of 
total hysterectomy allowed areas in the region of the utero-sacral regions 
to be more carefully observed It is piobable that the routine excision of these 
small suggestive spots and the fixing of them in small bottles for the pathologist 
has raised the number of coiiect diagnoses At the present time it is rare 
that the suspicion of endometiiosis of a given area is not confirmed in the 
laboratory If the small, puckered areas are not i emoved and fixed separately, 
it IS most difficult for the pathologist to find the aieas when the i emoved uterus 
arrives in the pathologic laboratory The excised uterus, shaggy and covered 
with blood, hides the tiny, dark, pigmented areas nearly completely 

FREQUENCY 

In the second private series (Table I) reported m this discussion 35 per 
cent of the cases operated upon abdominally for varied gjmecologic complaints, 
have endometriosis The second series reported from the Massachusetts Gen- 
eral Hospital (Table I) shows an 8 25 per cent involvement This discrepancy 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 
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Ta ble I 

Consecutive Endometriosis Endometriosis Endometriosis 
Cases Microscopically Grossly Microscopically or 

Grossly 

Private— I 400 112-28% '12-87o 144-30% 

Private— II 400 122-30 5% 18-4 57t. 140-35%, 

MGH— I 400 21-5% 11-3% 32-8% 

MGH — II 400 23-5 76% 10-2 5% ' 33-8 25% 


may be due to the fact that our Resident Surgeons and Assistant Ivcsident 
Surgeons, who do a considerable amount of the suigery, ate not sufficient])' 
interested m or acquainted with the disease Howcvei, during the period 
of the second series most of the young surgeons have been assistants on my 
private service and have done their owm surgeiy m tlie newly established 
Vincent Memorial Hospital Gynecologic Seivice m our hospital With the 
House Staff’s careful g)'nccologic supervision and after frequent discussions 
of this problem, the percentage of endometriosis m the ward group has not 
increased I do not believe that this is due to lack of careful observation or 
lack of interest, but rather to a difference m attitude toward child bearing 
among private patients and w'ard patients Private patients matry and have 
children later than those in the w'aids of the hospital This difference wnll be 
further discussed under the heading of etiology beloiv The areas involved by 
endometriosis (Table VIH), and this paper is not concerned wnth adeno- 
myosis of the uterine w'all, aie many The ovary, the tube, the peritoneum 
covering the uteius, the anterior bladder flap, the uteiosacral ligaments, the 
round ligaments, the umbilicus, the lectovaginal septum, tlie sigmoid, tlie 
small intestine, the appendix, as well as other aieas have been found to be 
involved It is inteiesting to note that practically all of the lesions are wnthin 
the pelvis, thus pioving a relation to the pelvic celom 

ETIOEOGY 

Endometriosis may have various causes and it may be impossible accuiately 
to determine its etiology Several outstanding theories have been presented 
Cullen show'ed that adenomyosis is due to a down grow'th of the endometrium 
into the uterine musculature In 1897 he reported his first case of adeno- 
myoma of the uterus® His work has nevei been refuted and his Tieiv is 
accepted as explanation foi this type of aberiant endometrium Adeno- 
myoma, although abenant endometrium, is not what we are discussing todai 
111 1897 Pfannenstiel-"* reported a case of endometriosis of the rectovaginal 
septum and in 1899 Russell, of the Johns Hopkins Hospital, reported the 
finding of endometrial tissue in the ovary In 1909 IMeyer reported a case of 
endometriosis of the bowel In 1921 came the first enlightened explanation 
for aberrant endometrium, in a painstaking study by Dr John A Sampson 
of Albany 28 2 <) so si numerous ideas include, first of all, his famous 
tubal reflux theory and the suggestion that tubal epithelium may become acti- 
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vated as eiidometiial tissue does and produce mensti uating lesions He also 
suggests the possibility of lymphatic drainage as lesponsible tor extension ot 
the disease His suggestion that cast-oft endometiium at menstruation may 
flow thiough the tubes, adheie to and grow in the ovaiy or m the pelvis, is 
a highly provoking thought and may be responsible for some endometiial 
lesions Endometiiosis as a rule occurs after the age of 26 (Table II), thus 
giving plenty of time for many menstrual refluxes to occui Interestingly 
enough, the fimbriated ends of the tubes are nearly always open in endometrial 
lesions Only very occasionally have we found the tubes closed and it is 
possible that the endometnoma staited to giow before the tubes were closed 
Blood has often been seen flowing fiom the tubal ostium, and photomicio- 
giaphs have demonstiated endometiium in the tubal lumen It is difficult, 
however, to believe that cast-off endometrium is living and can be implanted 
on other tissues as m a skin graft Experimental woik along this line has 
not been conclusive enough to support his idea of the growth of cast off endo- 
metrium Bartelmez^ states that microscopic inspection of cut sections of the 
uteius in Its entirety during menstruation shows viable endometrium in the 
uterine canal Markee’s work^'^ in expeiimental transplantation of endo- 
metrium into the eye of the monkey is definitely against the reflux theory He 
has been able to tiansplant endometrium into the eye easily yet he has never 
m many experiments, seen a piece of cast-off menstruating endometrial tissue 
in the eye attach itself into the chamber of the eye and gi ow Sampson’s reflux 
theory is probably not the most significant etiologic factor m most cases of 
endometriosis Von Recklinghausen’s theory that endometriosis aiises in the 
left-over pieces of the Wolffian ducts has been discarded Halban*^ has sug- 
gested that normal endometrium can metastasize thiough the lymphatics This 
theory may account for the lesions found m the lymph nodes of the pelvis and 
in the groin One definite case of endometriosis reported in the pleui a* sup- 
ports his theory Halban’s theory is a good one and yet it is doubtful that it 
can explain the nodules so frequently encountered in the pelvis and in the 
pelvic organs Iwanoff of Russia^^' and Meyer^^ of Geimany independently 
believe that endometriosis is due to the stimulation of giowth of embiyonal 
cells of the celomic epithelium The celomic epithelium is also responsible foi 
the epithelium of the upper vagina, the endocervix, the endosalpiiix, and the 
covering of the ovary Iwanoff and Meyer postulate that under certain con- 
ditions, such as inflammation or injury or iiritation due to menstrual blood, 
that embryonic cells of the celom may grow and pioduce Muellerian and hence 
endometrial tissue This theory, or the interpretation of this theory, seems 
to be a satisfactory explanation of endometriosis It even accounts for the 
finding of endometrium in the forearm^^ in one case and in the thigli m two 
cases embryo contain celomic epithelium 

and left over cells from these buds may grow and produce endometrium In 
our observations of endometriosis, under-development of the pehic organs is 
frequently present Under-development of pelvic organs suggests the presence 
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TA.Mi.t; 11 — Ages 


Endometriosis No Endometnosis 

Private M G H Private M G H 

Series I Series II Series I Series II Series I Series II Series I Series II 


10-19 




3 03% 

2 38% 

19% 

6 2% 

1/c 

20-29 

4 3% 

8 6% 

18 8% 

3 03% 

8 09% 

9 2% 

23 8% 

15 5% 

30-39 

34 3% 

25% 

219% 

42 42% 

26 66% 

31 6% 

28 7% 

33% 

40-49 

51% 

55 7% 

31 25% 

36 36% 

43 33% 

50% 

28 4% 

39% 

50-59 

9 5% 

10% 

25% 

16 15% 

11 9% 

7 3% 

8 7% 

8 1% 

60-69 

70 plus 

93 

7% 

3 1% 


5 7% 
19% 

4 687o 

3 3% 

3% 



Tabu III 

— Sifmp(o)ns 




Private 

M G H 


Series I 

Senes II 

Series I 

Series II 


144 

140 

32 

33 

Paiu not dysmenorrhea 

32 6% 

26 4% 

43 7% 

48 48% 

Acquired dysmenorrhea 

12 5% 

26 4% 

9 3% 

30 3% 

Infertility 

32 9% 

36 1% 

7% 



of inactive, embryologic, left-over cells which would inciease the peicentdge 
of endometriosis Patients with dysmenorrhea, for instance, frequently have 
endometnosis and many patients wuth dysmenoiihea have small and under- 
developed organs Those patients wuth the so-called “congenital erosion” of 
the cervix frequently have endometnosis Thus it would appear that the 
celomic epithelium rest theory has a good deal in its favor Upon Iwanoff’s and 
Meyer’s conception rests our theory and undei standing of endometnosis It is 
our opinion that endometnosis occurs because of a lack of early and lack of 
frequent child-bearing (Table V) How does this affect the problem? In 
nature certainly early child-bearing and frequent child-beaiing is the usual 
thing This may be prevented by untowaid circumstances, such as caging 
and domestication Certainly some monkeys who menstruate, as women do, 
mate early following the menarche and have offspring, nurse, and then 
become pregnant again In their natural habitat they probably 'follow this 
sequence until they either physiologically can have no more offspring oi die 
This IS what nature expects of animals The human being does not cany out 
nature’s rules Our grandmothers and great grandmothers probably moie 
nearly approximated the ways of nature than the modern women, at least 
up to World War II For a number of years, due to economic cmiditions, 
young people have not been able to marry early and if married, found it neces- 
pregnancy This allowed many menstiual cycles to occui 

fT!i 1 ^ I menstruation porbably stimu- 

lated the celomic cells to grow and produce Muellerian growth Certainlv 

menstruation is not supposed to occur monthly for years without interruption 
Menstruation is an indicator to the young woman that she is not pregnant 
It IS unlikely that women with ten or more children menstruate frequently 
Late and infrequent childbearing is not normal physiologically It is likely, 
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iheiefoie, that this abnormal physiology may have some definite effect upon the 
pelvic celomic tissues It will be noted in this study (Table V) that most patients 
with endometriosis have none, or one, or two childi en, and the greatest number 
falls into the group who are denying their normal functions Dr Thomas 
R Goethals^ demonstrated that the primpara of his private practice fall into 
two groups 25 yeai s old and under, and 26 years and over Seventy per cent 
of 200 patients were m the older group and became piegnant for the first time 
at or after the age of 26 This group then, assuming that they had the 
menarche at 14, menstruated for 12 or more years without interruption This 
is certainly not normal and if the celomic epithelium contains cells capable of 


Table IV 


Private M G H 



Endometriosis 

No Endometriosis 

Endometriosis 

No Endometnosis 

Senes I 

Single 

Marned 

144 

41-28 5% 
103-71 5% 

256 

56-21 9% 

200-78 1% 

32 

4-12 5% 
28-87 5% 

368 

62-17% 

306-83% 

Senes 11 

Single 

Marned 

140 

33-23 6% 
107-76 4% 

260 

41-15 9% 

219-84 2% 

33 

5-15 1% 
28-84 8% 

367 

52-14 16% 
315-85 83% 


Table V 


EndometnosiB No Endometriosis 



Private 

M GH 

Pnvate 

M GH 

Fertility of married group 

Senes I 

66 9 

93% 

83 1% 

88 5% 

Senes II 

63 8% 

100% 

77% 

85 4% 

Two children or less 

Series I 

73 6% 

43 4% 

53 2% 

50 3% 

Senes II 

79 1% 

67 8% 

57 39% 

38 7% 

Age at marnage 25 or over 

Senes I 

53 7% 

16% 

37 6% 

17 9% 

Senes II 

57% 

11% 

37% 

21% 

Age at first child 25 or over 

Senes I 

eo% 

23 5% 



Senes II 

69 8% 

14% 

55 4% 

30 9% 


producing endometrial epithelium, it had plenty of time to do so Dr John 
Fallon of A¥orcester, Massachusetts'^ recently stated that a woman should 
have a child at least every five years to prevent the onset of endometriosis 
It has always seemed to me, believing in this theory since it was suggested in 
an editorial m Swgejy, Gynecology and Ohstetucs m 1938,^® that if women 
had their children when they were young, its subsequent development after 
they had had their children, would not be of too great importance It is 
i^uggested that the celomic epithelium theory of Iwanoff and Meyer is correct 
and that the growth of endometiial cells is due to an abnormal physiology and 
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that this abnormal physiology is late and infrequent childbearing This well 
consideied etiologic factor is mtioduced as an addition to the many suggested 
leasons for the frequency of endometriosis 

SYMPTOMS 

The symptoms of endometriosis are well known and do not need elabora- 
tion Dysmenorrhea especially of an acquiied type, pelvic pain, infertility, and 
abnormal menstiuation in the form of too much bleeding are the usual symii- 
toms (Table III) Pam in the groin oi umbilicus due to an endometrioma 
m that region is raie but understandable Pti iodic attacks of intestinal 
obstruction at the time of the menses sometimes occur Cyclic bleeding from 
the lectuin was formerly thought to clinch the diagnosis ol endometriosis ot 
the bowel, but it is obvious from a stud\ of the roentgen-ray findings in these 
cases and of the tumoi after lesection, that theie is no break in the contmuit) 
of the bow'el mucosa ovei the lesion and, therefoie, bleeding should not take 
place Fallon has demonstrated that endometriosis can occui in a much earliei 
age group than has usuall} been considered Surgeons who operate upon 
young girls for pelvic pain, and wdio have been forced to consider the diagnosis 
of chronic appendicitis, should carefully inspect the pelvis According to him, 
endometriosis may be found to be the cause of the symptoms 

DIAGNOSIS 

The diagnosis of endometriosis may be suggested by the symptoms and, 
if m addition to the symptoms typical physical e\ idence is found, the diagnosis 
should be easy The easiest clue to the diagnosis on physical examination is 
a loiigh, firm, and “shotty” feeling behind the cenix which is best felt b} 
rectal examination The “shotty” nodules in the uterosacral ligaments can 
lie easily felt and m my experience this is the earliest and most frequent physical 
finding in this disease If the lesion is more widespread and if the ovaries 
are involved and adherent, the vaults give tlie same sliotty feeling and occa- 
sionally a cyst with a soft spot, the area of its adherence to the broad ligament, 
may be felt Proctoscopy with the expectation of viewing an endometrioma of 
the bow^el is not successful The involvement of the bladder, however, can 
be easily observed by cystoscopy If a firm nodule is felt behind the cervix 
on the vaginal side, inspection of this area may easily show a group of small, 
black to blue nodules and clinch the diagnosis of endometrioma of the recto- 
vaginal septum 

To make the definite and microscopic diagnosis of endometriosis let me 
stress the importance of the surgeon, at the time of operation, excising the 
small, suspected aieas and placing them m a fixative for examination in 
the laboratory 

TREATMENT 

The treatment of endometriosis is clear-cut (Table X) Inasmuch as an 
endometrioma as w^ell as the endometrium is under the contiol of the ovarian 
hormones, castration will ahvays check the progress of the lesion This is a 
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satisfactoiy and correct treatment in the older age group, especially if the 
endometriosis is so extensive that it may injure another organ, for example 
the bladder, the bowel, or the ureter However, in a girl who has had no 
children and wishes them, such ladical treatment as castration is to be 
deplored In these days of accurate, careful, safe surgeiy it is far better to 
resect the bladder or intestine, to lesect oi transplant the ureter, than to 
castrate a girl who wishes children and who is at the age where her sexual 
relations may mean her happiness 

Endometriosis is a slowly growing process, and it may take years for it to 
advance to a large size It is rare to see a chocolate cyst greater than a small 
oiange Endometriomas of the peritoneum, usually very small, rarely are 
larger than 1 centimeter They may become widespread and may pucker up 


Table VI 



Private 

Endometriosis No Endometriosis 

M GH 

Endometriosis No Endometriosis 

Marriage to first pregnancy 

2 years or more 

Senes I 

62 2% 

53% 

540% 

41 1% 

Senes II 

66 1% 

55% 

6 7% 

40% 

Menarche to first pregnancy 

10 years or more 

Senes I 

55 5% 

67 3% 

38 4% 

86 9% 

Senes II 

79% 

72% 

31 6%, 

39 8% 

Menarche to endometriosis 

17 years or more 

Senes I 

Senes II 

93 3% 

89 4% 


76% 

96 3% 



the peritoneum but they never become large enough to endangei the patient’s 
life As a mattei of fact, it is probable that many of these lesions are in an end 
stage when seen Most endometriomas are surrounded by scar tissue, as shown 
by Sturgis,^® and pain is caused by slight activity and swelling in a small num- 
ber of endometiial glands that may be active Most endometriomas contain 
inactive endometrium and do not enlarge It has been my privilege recently 
to reoperate upon a patient who had endometriosis in the uteiosacial ligament 
seven yeais before Sufficient tissue, but not all, was removed to make the 
diagnosis at that time and yet at this examination the endometriosis left 
behind had not changed in the seven years If many of these small lesions are 
inactive, it is wrong to castrate patients for endometriosis The operation for 
endometriosis should be done foi pain, not simply because endometriosis is 
found Most large chocolate C3^sts are probably not active or, if so, are active 
m onl}’ a few places, foi micioscopic examination, according to Sturgis, shows 
that the epithelium is cuboidal and no longer cylindrical These lesions did 
menstruate but the menstrual fluid under pressure has flattened the epithelium, 
and activity has ceased Surgery is correct if an ovarian lesion is suspected 
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and endometriosis cannot be accurately diagnosed, for it is far wiser to opei ate 
and find a small cyst than to let a cancer of the ovaiy giow If a woman is 
young and wants childicn, the treatment foi the chocolate cyst is excision of 
the cyst from the ovary This is very easy to do, and the cyst wall will shell 
out just like a follicle cyst, and the ovaries can he easily reconstructed In 
endometriosis the posterioi cul-de-sac is often pulled up on to the hack of the 
uterus This fact should be recognized and aftei the cul-de-sac is released 
a piopei uterine suspension should he done to keep the pelvic oigans aw^ay 
from the raw areas in the deep pelvis This adheience of the cul-de-sac wath 
its obliteration of the uterosacral ligaments should he well considered before 
total removal of the uterus is contemplated, for the lectum can be easily 
entered here This adherent tissue is characteristic of endometriosis The 
cul-de-sac can best be released if the uterus is pulled up tight wath a double 
hook — the area of adherent grow'th frequently splits, and the cul-de-sac will 
begin to separate, if it does not, by placing the edge of a knife against the 
adhesive area it will start the split and the cul-de-sac can quickly be freed from 
the uterosacral ligaments and back of the cervix and posterior w^all of the 
vagina 

In w'omen wnth ovarian endomcti losis, w'hen it seems wnse to spare ovarian 
function. It IS perfectly satisfactory to remove the uterus and cervix and the 
larger ovary with its cyst but to resect the c>st from the othei ovaiy and lea%e 
’t behind with its tube Inasmuch as the disease progresses slow^ly, if symp- 
toms should recur, roentgen-ray treatment w-ill stop ovarian function and thus 
cause a cessation of the growth of the endometriosis In nearly all instances 
conservative surgeiy with piesei\ation of ovaiian function should be the guide 
to treatment, and castration should be leservcd for those lesions that are too 
difficult to solve by conservative surgeiy We have had the opportunity to 
observe two cases of endometriosis of the rectovaginal septum following 
castration, and it was three years before the lesions finally became w'liite and 
disappeared, leaving only a very slight puckering m their place Slow' giowtli 
and slow disappearance seems to be the rule 

In bowel endometriosis, if the lesion is found accidentally and the patient 
has no intestinal symptoms, castration is best in the oldei age gioup and 
resection of bowel for the young wmman, and especially for the young w'oman 
who wishes children and is m the child bearing age A good test to determine 
the result of treatment, if bow'el symptoms only are piesent at the time of 
operation, is the use of an estiogen to prevent ovulation If the distention 
of bowel or if pain in the pelvis is rhythmic and accompanies a noimal period 
it IS possible by preventing ovulation with estrogen to produce an abnormal 
period and thus prevent the occurrence of sj'mptoms Relief of symptoms 
demonstrates that it is wise to castrate the patient and to expert relief of 
distention and pain This test is very satisfactory in determining whether 
or not a patient s pain is made worse by the mensti ual cycle, for by preventing 
ovulation a normal secretory endometrium and noimal cycle is avoided If 
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pain IS prevented, then the C3^cle is responsible, but, if there is pain at the 
time of withdrawal bleeding, it is not connected with the menstrual cycle 
It has been suggested by Hirst of Philadelphia,^® and Miller of Hartford,"” 
that testosterone is a satisfactory treatment for endometriosis Amenorrhea 
may be caused by this treatment for 2-3 months It is said that the lesion 
softens and m some patients who were sterile, fertility followed, and m some 
cases operation was made easier Kanarky from Houston, Texas,^^ advocates 
large doses of stilbestrol for the same purpose It is very difficult to see how 


Table VII — Region of Endometriosis 


Pnvate 

M GH 


Senes I 

Senes II 

Senes I 

Senes II 


144 

140 

32 

33 

Ovary 

86-59 7% 

74-52 8% 

11-34 4% 

21-63 8% 

Uterosacral ligament 

31-21 5% 

59-42 1% 

3-9 3% 

2-6 06% 

Peritoneum 

8-5 6% 

13-9 2% 

1-3 1% 

2-6 06% 

Bowel 

9-6 25% 

6-4 3% 

2-6 25% 

2-6 06% 


Table VIII — Regions of Endometriosis 


Pnvate M G H 



Senes I 

144 

Senes II 

140 

Senes I 

32 

Senes II 

33 

Ovary 

86-59 7% 

74-52 8% 

11-34 4% 

21-63 8% 

Uterine surface 

64-44 4% 

34-24 2% 

21-65 6% 

8-24 2% 

Cervix 


2-1 4% 

1-3 1% 

1-3 03% 

Uterosacral ligament 

31-21 5% 

59-42 1% 

3-9 3% 

2-6 06% 

Pentoneum 

8-5 6% 

13-9 2% 

1-3 1% 

2-6 06% 

Tubes 

12-8 3% 

9-6 4% 

1-3 1% 

3-9 09% 

Cul de sac 

5-3 5% 

7-5% 

3-9 3% 

6-18 1% 

Appendix 

1- 7% 

3-2 1% 

1-3 1% 

1-3 03% 

Bowel 

9-6 25% 

6-4 3% 

2-6 25% 

2-6 06% 

Round ligament 

4-2 8% 

1-7% 



Lymph nodes in iliac area 


1-7% 



Umbilicus 



1-3 1% 


Rectovaginal septum 

2-1 4% 


1-3 1% 


Vagina 



1-3 1% 



the use of any hormone can influence a lesion that is m an end phase and a 
lesion that takes three years to vanish , nevertheless, for the purpose of dis- 
cussion, this newer method of treatment should be mentioned 

In the tieatment of the dysmenorrhea of endometriosis it has often been 
suggested that a presacral neurectomy be done, and in those patients who 
have central pain and not lateral pain a presacral neurectomy is satisfactory 
if conservative surgery is contemplated It is best to do the neurectomy before 
the endometriosis is disturbed, to prevent spilling endometrium into tlie retro- 
peritoneal wound Dr Willard Cooke of Galveston'* advocates cutting the 
infundibular pelvic ligament to enervate the ovary m lateral pain but inasmuch 
as this destroys two thirds of the ovarion blood supply, it cannot be advised 
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RESULTS or treatment 

The results of conservative treatment are very satisfactoiy, and it is rare 
that an operation has to be repeated This suggests that in most instances the 
lesion IS very slow to progress Re-operation has been reported as necessary 
in from 9-29 per cent m various clinics In our clinic -with conservative 
methods, it is indeed rare In from 9-29 per cent of leported cases a preg- 


Tabif IX 



Private 

144 

M G H 

33 

Type of endometrium 



Secretorj 

4C-32 8% 

9-27 27'’r 

Early secretory 

5-3 G% 

1-3 03% 

Late secretory 

1- 7% 

1-3 03% 

Proliferative 

47-35 5% 

8-24 24% 

Early proliferative 

1- 79o 


Late proliferative 

2-1 4% 


Senile cystic 

1- 7% 


Inactive 

5-3 G% 

1-3 03% 

Atrophic 

2-1 4% 

1-3 03% 

Negative 

5-3 G% 


Menstruating 

1- 7% 


’ type 

24-17 1% 

12-3G 3G7p 

Table X — Hurgcnj 



Private 

M G H 


Series I 

Senes II 

Scries I 

So I 8 11 


144 

140 

32 

33 

Endometriosis cases 





Radical (both ovaries removed) 

57-39 G% 

12-8 67c 

17-53 1% 

8-24% 

Conservative (conservation of ovaries) 

87-60 4% 

128-91 47c 

15-46 9% 

25-76% 

No endometriosis 

256 

260 

368 

367 

Radical (both ovaries removed) 

72-29% 

18-7% 

98-26 6% 

39-11% 

Conservative (conservation of ovaries) 

183-71% 

242-937c 

270-73 4% 

328-89% 

Conservative for Pregnancy 

Endometriosis cases 

144 

140 

32 

33 

Conservative 

21-14 6% 

16-11 42% 

4-12 5% 

5-15 1% 

Pregnancy following 

6-28 6% 

2-12 57o 



Radical (uterus with or without ovaries) 

123-85 4% 

124-88 5% 

28-87 5% 

28-84 8% 

No endometnosis 

256 

260 

368 

367 

Conservative 

52-20 3% 

38-14 6% 

119-32 3% 

90-24 5% 

Pregnancy following 

5-9 6% 


3-2 5% 


Radical (uterus with or without ovaries) 

204-79 7% 

222-85 4% 

249-67 7% 

277-75 5% 


nancy has followed conservative surgery (Table X) This is most satisfactoiy, 
and it IS possible that this per cent of fertility can be improved Patients with 
endometriosis are sterile because the ovary is fixed and the normal interplay 
of tubal and ovarian movement is prevented The egg cannot be deposited 
into the fimbriated end of the tube, as it should be The tube is fixed m an 
abnormal position It is, therefore, important that patients be advised to try 
to become pregnant very soon after conservative operation If the tubes and 
ovaries are free, better results can be expected than if they are firmly adherent 
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THE SIGNIFICANCE OF ENDOMETRIOSIS 

The significance of this lesion is that it is probably due to lack of early child- 
beaiing and infiequent childbeaiing It is due to lack of normal use of the 
female oigans, thus allowing abnormal physiologic processes to persist There 
IS great need m these times foi financial aid to om daughters and sons, and it 
IS my opinion that financial help to oui children will reduce the incidence of 
endometriosis and will also reduce the incidence of unhappy and childless 
mariiages In the piesent economy of our countiy it is neaily impossible foi 
a young man to make enough money to suppoit his wife Theiefoie it is up 
to all as fatheis and motheis to peimit our childien to many early and to aid 
them financiall}^ until they aie able to care for themselves In some instances 
this will be impossible foi fathers to do Om children must realize that by 
being helped when young they need not expect much m the way of an inheri- 
tance Our childien will not need help latei, for if they aie sufficiently able 
they will be able to suppoi t themselves and will not need or expect any money 
to be left to them Help wdien they are young is veiy important and by sup- 
porting their mainages and helping the young wife to have her family we will 
accomplish much more foi the world than we will b} trying to save for them 
when they get oldei The idea of bettei pay foi young men should be taken 
into account in industiy, and workeis should be paid moie eailiei in life and not 
expect great increases in then salat les oi earning capacity as they get older 
The level of income should be inci eased foi young men with wives They 
should be encouraged to keep oui country populated by having children when 
they are young, and not allowing them luxuries when they are oldei This 
philosophy foi oui childien is an extiemely important one, and larger pay 
wnll not be necessary when they aie oldei I hope that it may strike a respon- 
sive note among the membeis of this association 

DISCUSSION 

Endometiiosis is one of the most common and most talked of pathologic 
lesions, not only in gynecology but in surgeiy It is replacing the suigery of 
the “cyst of the ovary ” Cyst sui gery is going out of existence in most pai ts 
of the countiy Surgery foi endometiiosis should be done only foi definite 
leasons, and significant symptoms are the leal guides foi such surgeiy Just 
as certain fibroids should not be opeiated upon, so ceitain patients with endo- 
metiiosis need not be operated upon The excellent piognosis of this condi- 
tion, the fact that in most cases the activity when recognized is over, means 
that unless there aie definite symptoms such as steiility, seveie dysmenorrhea, 
and intestinal obstruction cases with endometriosis can be w^atched, just as 
vvell as patients with small fibioids 

THE MATERIAL 

In this paper, attention is di awn to the comparison between two series of 
400 private patients and two series of 400 Massachusetts General Hospital 
patients^*’ The first senes of patients w'ere collected in the years 1936-1941, 
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Table XI - 

—Last Pregnancy (o Endomdnosis 


Pn\nte 

Senes I Series II 

M G n 

Series I Series II 

Fertile 

65 

67 

26 

28 

Less than 1 j r 



1 


lyr 

1 

3 



2 yrs 

1 

4 

2 


3 

1 

2 

2 

1 

4 


3 

1 

3 

5 


1 

2 


G 

2 

1 

1 

3 

7 

1 


2 

1 

8 

4 

3 

1 


9 

1 

2 


2 

10 

5 

2 

3 


11 

1 

6 

1 

2 

12 

5 

5 


1 

13 

2 

4 

2 

1 

14 

2 

3 

1 

2 

15 

2 

4 


1 

16 

4 

5 



17 

1 

3 


1 

18 

6 

1 


1 

19 

3 


1 

1 

20 

3 

1 



21 

1 

5 



22 

2 



1 

23 

1 

1 



24 

2 

2 


1 

25 

1 

2 



25 plus 

5 

1 

2 

3 

? 

8 

3 

4 

3 

and the second, 1945-1947 It 

IS evident that most patients with endometriosis 

are from the more well-to-do 

group 

Also it IS evident that late childbearing 

is the choice of private patients as 

compared to earlier 

marriage and many 


children among the ward patients This investigation was carried out to prove 
that the first comparison was not a misconception and that the same trend is 


evident in the latter series as m the early ones It is possible that there will 
be a definite difference m the next five to ten years for the war years produced 
earlier marriages and childbearing It will be interesting to see if that group 
of young women who married early and had children are as frequently affected 
with this usually innocuous but sometimes frightening disease The tables 
explain the results and a careful perusal of them indicates that the trends ate 
as they have been presented 

CONCLUSIONS 

1 Endometriosis is a common disease and the surgery of endometriosis 
is supplanting surgery for “cyst of the ovary ” 

2 Endometriosis is not such a frightening lesion as has previously been 
considered 

3 The stage in which the disease is seen is often at the end of activity 

4 Endometriosis by interfering with the normal motion of the tubes and 
ovaries may interfere with fertility and as such should be corrected 
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5 Resection of ovaiian endometriomata and conservation of ovarian tissue 
IS essential in young women both for childbearing function and for sexual 
function 

6 The theory of the growth of the celomic epithelium due to delay in 
childbearing is the most impoitant etiologic factoi in endometriosis 

7 Radical surgery should be rai e in endometriosis 

8 Endometriosis of the bowel should be treated by resection and not 
castration in young women 

9 The economic condition of the woild behooves us as parents to help 
our children financially to marry early and have children It is suggested that 
higher wages be given to young married couples 

10 Endometriosis may be aided by treatment with testosterone or by 
stilboestrol, but this treatment is not peimanent 
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Discussion — Dr Waiter R Holmes, Atlanta, Ga I ha\c enjoyed hearing 
Doctor Meigs’ paper and the discussion on endometriosis I would like to agree with 
and emphasize his conseriative attitude in regard to the treatment of this disease I 
am convinced that m the majority of patients on whom a diagnosis of endometriosis is 
made surgical interference is not necessary Patients having endometriosis deserie a 
frank discussion of their condition with explanation of the cause of their premenstrual 
discomfort and other pelvic symptoms Intelligent patients will often prefer to endure 
their discomfort rather than be subjected to a mutilating pelvic operation In the child- 
bearing period where operation was necessary, conservative surgery was rewarded by 
subsequent pregnancies in 12 per cent of my private patients In the more advanced 
stages of the disease, complicated by fibroids and adenomyosis, hy'sterectomv with 
preservation of some ovarian tissue has given uniformly satisfactory end results 
Although bilateral oophorectomy will cause regressive changes in endometnomas, the 
cure IS often worse than the disease There is no more tragic human figure to haunt 
our reception rooms than these castrated derelicts of femininity 

Doctor Meigs’ theory that early marriages and early pregnancies will prevent 
endometriosis is extremely interesting The parental financial aid suggested by Doctor 
Meigs, to make it possible for young people to marry early, if carried out, would cer- 
tainly be a great boon to future sons-in-law and daughters-in-law 

Dr John C Burch, Nashville, Tenn Endometriosis is a disease which is not as 
progressive as formerly thought I agree with Doctor Holmes that observation and 
conservative treatment are indicated in most instances It is an infiltrative disease with 
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a ver}-^ low malignant potential On account of its infiltrative nature it is almost impos- 
sible to remove the process local excision Fuithermore, progress of the lesion is 
dependent upon hormonal stimulation by the ovaries It seems wise, therefore, to approach 
the case from its physiologic aspect and to ascertain the functional needs of the patient 

Many times it is impossible to dissect the cyst from the ovary and leave any func- 
tioning ovarian tissue Open the cyst and depiess it and the ovary in many instances 
will return to normal function I had an illuminating experience some years ago The 
patient was a woman of 25, engaged to be married, who had an ovarian cyst At operation 
a large chocolate cyst was found in the left ovary and one on the right I felt it would 
be a terrible thing to make a clean sweep I simply decompressed both cysts, closed up, 
and in three months she was married and in 15 months was a mother 

Dr Roger G Doughty, Columbia, SCI simply want to add my voice to the 
conservative attitude in the treatment of endometriosis, based originally on an experience 
I had m 1924 The patient was a young woman with extensive endometriosis In the 
course of operation, having been impressed with the necessity of removing the ovaries in 
such cases, I hesitated, and finally wound up by removing as much as I could of the 
diseased tissue, but leaving both ovaries She married about two years later, has had 
three or four perfectly normal children and has had no difficulty in the pelvis Following 
that experience I have been extremely conservative in handling endometrial lesions and, 
hiost of the time, do not do even a hysterectomy, let alone an oophorectomy I have not 
had cause to regret this attitude through the years 
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Haht Hagan, M D , and H L Townsend, M D 
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The potential value of cholangiography was cmphasi/ccl several years 
ago by Mirizzi^ Saralequi,- Best and Hicken,^ Walters and Snell, and 
many others Since that time the value of the “delayed” cholangiogram has 
been established beyond question, and its loutine use is general and well 
known The “immediate” cholangiogram has had a limited trial and is rarely 
used, because of technical difficulties and the lack of easy access to adequate 
Roentgen-ray equipment and personnel However, the procedure is theoreti- 
cally sound, and definite progress in the perfoimance and interpretation of 
“immeaiate” cholangiograms has been reported by Schuberth and Sjogreen, 
MacDonald and others 

For the past several 3'ears it has been our practice to make routine 
“delayed” cholangiographic examinations m all cases of common duct drainage 
or biliary fistula In practicall}'’ all cases there has been the satisfaction of 
having a visual demonstration of the common duct entiiely free of stones or 
other obstruction On the other hand there has been an occasional case in 
which the “delayed” cholangiogram demonstrated that a stone had been left 
behind during the common duct exploration, and a secondary operation was 
usually necessary for its removal So we are convinced that digital and 
instrumental examination of the common bile duct is not always adequate 
The various methods of using the piobe, the scoop, the forceps, irrigation and 
suction do not always gn^e positive proof that all stones have been removed 
However, “delayed” cholangiographic study does give visual proof of the 
obstruction or patency of the bile ducts And if equally as satisfactory cho- 
langiograms could be obtained by the “immediate” method, secondary opera- 
tions would be obviated and visual knowledge of the condition within the 
bile ducts would be obtained during the operation This has been accomplished 
with a limited degree of success, but the technic of the procedure must be 
simplified and improved by each part of the team — the Surgeon, the Anes- 
thetist, and the Roentgenologist — if it is to have wide acceptance and 
application If given proper equipment one should, theoretically, be able to 
obtain visual information of the bile ducts comparable to that obtained by the 
Urologist in examinations of the urinary tract 

In the attainment of this objective, a number of problems and technical 
details are encountered One hesitates to bring additional equipment into 
the operating room and add time and expense to the opeiation, unless results 
are definitely improved In acute or extensive involvement of the gallbladder 
It may be difficult to inject the opaque medium into the biliary tree The inabil- 


* Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 


810 



Volume 127 
Number 5 


THE CLINICAL EVALUATION OF CHOLANGIOGRAMS 


ity of the anesthetized patient to coopeiate may cause movement on the film 
Pressure or tension on the common duct or artefacts within the duct may 
cause misinterpretation of film 

However, we are convinced that cholangiography has great potential 
value as an adjunct to present day methods of gallbladder surgery With 



Fig 1 Ureteral catheter passed through small incision m cystic duct for 
injection of opaque medium 

our present technic and the cooperative effort of the Anesthesia and Roentgen- 
ray Departments, we have been able to obtain “immediate” cholangiograms 
which have given us assuiance of a normal ductal system or positive evidence of 
pathologic conditions in a high percentage of cases In the cases in which we 
have not accomplished this result, it has usually been due to too active 
respiratory movement in large, thick patients, or to some minor technical 
error on the part of the surgical team or the roentgen-ray technic It has 
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been found to give useful and desirable information m the following type 
of cases 

1 In common duct diamage and biliai}' fistula, “delayed’ cholangiogram 
IS used in all cases to determine the presence of stones or other pathologic 
conditions, and to observe the return of the common duct to normal size and 
function 

2 In acute cholecystitis, if cholecystectomy is peifoimed, an “immediate’ 
cholangiogi am can he obtained by injecting the opaque medium through the 
cystic duct If only a cholecj stostomy is performed, there is no practicable 
advantage accomplished by an "immediate’’ cholangiogram , but a “delayed” 
cholangiogram, obtained by injecting an opaque medium through the drainage 
tube after free drainage has been established, will often give invaluable in- 
formation 



A B 

Fig 2 A Common duct dr image following cholccystectomj’- and removal of 
large stone from common duct Delayed cholangiogram reieals stone m distal end 
of common duct B After secondary operation stone removed and patent duct 
demonstrated 


3 In cases of elective opeiations foi chronic cholecj^stitis and choleli- 
thiasis, the “immediate” cholanigiogram can be used routinely without great 
difficulty or loss of time, by injecting the opaque medium thiough the cystic 
duct, the gallbladder, or the common duct 

4 In anomalies of the ductal system encountered at opeiation an “imme- 
diate” cholangiogram, obtained by injecting the opaque medium thiough the 
cystic duct or gallbladder, should be used and will give the surgeon assuiance 
and comfort by furnishing immediate visual demonsti ation of the ductal system 

During our period of investigation we have routinely attempted, by one 
method or the other, to obtain cholangiograms of all gallbladder and common 
duct cases coming to operation We have been encouraged by the results and 
convinced that greatly improved films can be obtained and our knowledge 
increased by simplification of the technic and improved equipment Our 
series has not been sufficiently large to present convincing statistical data ^^^e 
do wish to emphasize some points in technic and present a few typical cases 
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SURGICAL TECHNIC 

A portable Bucky Diaphia^m is loutmely placed on the opeiating table 
between divided pads It is necessaiy that all instiuments be lemoved from 
the field befoie the roentgen-ray exposuie, so it will save time if the towels 
are sutmed to the peritoneum instead of using towel clips The gallbladdei 
and ducts aie examined and exposed in the usual manner The cystic duct 
is well exposed, and a ligature placed aiound it for later typing A small 
tiansverse incision is made into the cystic duct and a #6 uietral catheter is 
introduced Its introduction will be facilitated by leaving the small wne 
stylet in the cathetei until after it is m position and secured by the ligatme 

aiound the duct The opaque medium 
is injected from a 20 cc Luei-Lok 
I syiinge through an appropriate size 
’ needle placed m the proximal end of 
the catheter The use of the long ure- 
‘ teral catheter allows the surgeon to be 
entirely out of the roentgen-ray field 
and peimits control of the rate and 
! quantity of the injection After the 
I serial films aie obtained, the cystic 
duct is completely cut aci oss above the 
ureteial catheter, which is allowed to 
remain m place The removal of the 
( gallbladder is completed while the 
, films are being developed, so that there 
' is a minimum loss of time If the films 
are satisfactory, the catheter is le- 
moved and the stump of the cystic 
, duct is transfixed and ligated in the 
usual manner If additional films are 
desirable, they can still be obtained at 
this stage of the operation 

We have found that 35 pei cent dio- 
drast is the most satisfactory contrast 
> medium, and have not encountered 
any complications in its use Lipiodol 
IS a very unsatisfactoiy contrast medium Hippuran is also a very satisfactoiy 
contrast medium, but we have seemed to obtain better results with diodrast 

ROENTGEN-RAY TECHNIC 

The loentgen-ray equipment used at the operating table consists of a 
Bedside unit, 110 peak IC V and 20 M A 

A Leisholm “wafer” grid was employed on the earlier cases, in which 
instances, the roentgen-ray factors were 30" distance, 20 M A 1 75 to 4 5 



> 

■to- 




Fig 3 Acute Cholecystitis Cor 
mon duct slightly enlarged and ind 
ration about distal portion Cholecy 
tectomy Immediate cholangiogra 
indicates normal and patent duct 
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Fig 4 A Chrome Cholecj stitis Oiolelithnsis, and Cholccislcctomj 
B Examples of immediate normal cliolangiograms 
A B 


1 

i 



Fig 5 A Chronic Cholecystitis, Cholelithiasis Cholecystectomy Immediate cholan- 
giogram reveals the six stones within the common duct B Common duct drainage same 
case reveals duct without obstruction 


seconds exposure The prereading voltage was 110 K V , during exposure 
this reduces to actually 98 KV The time factoi vanes according to the 
thickness of the individual 

In our later cases a 36-inch 6 1 ratio Bucky was used This has now 
been changed to a 30-inch 6 1 ratio Bucky, so as to employ a shorter distance 
and exposure time 

Film are ordinarily made following the instillation of 5 cc , 10 cc and 15 
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cc of the opaque substance If indicated an examination is made 5 to 10 
minutes later 

In postopeiative cases, wheie a drainage tube is m place, an efioit is made 
to empty the biliaiy tiact simply by leleasmg the clamp Exposuies aie then 
made after injection of 5 cc , 10 cc and 15 cc of the opaque substance, stopping 
immediately if the patient complains of pain in the uppei abdomen or back 
The examination is carried out m the anteroposteiior position, occasionally 
stereoscopic and right lateial views are made These have not given additional 
information 

The postoperative examination pioduces technically better films more 
consistently than those made at the opeiatmg table The greatest difficulty 
experienced while making film during the opeiation has been m controlling 
respiration while making the roentgen-iay exposuie 

CONCLUSIONS 

I Delayed Cholangiograms should have routine use in all cases of common 
duct drainage and biliary fistula 

II Immediate cholangiogiams are a valuable adjunct to present suigical 
technic 

III Immediate roentgen-ray visualization of the common duct may be 
obtained m any desired case if routine pieparation is made for the procedure 

IV Better films and more accuiatc inlerpi etation will be obtained when 
roentgen-ray units of highei amperage are available m the operating room, 
thus allowing shortei exposui es and better conti ol of respiration 
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ACUTE CHOLECYSTITIS" 

J W Barksdale, M D , and J Harvey Johnston, M D 

Jackson, Miss 

The irlqulnc\ and slrgical importance o£ acute cholecystitis war- 
rant continued study and discussion of the problem Whth inci easing life 
expectancy, we can expect gi eater incidences of all phases of biliar} tract 
disease Probably no other intia-abdominal disease is handled so casually 
in Its early stage as is this suigical cmeigency Many general piactitioners 
and internists favor the conservative tieatincnt of the disease, iccalhng simi- 
lai cases which have legressed with ‘watchful waiting ’ Ihis is particularly 
tiue wdien patients have had pievious acute episodes wdneh subsided spon- 
taneously It IS not appreciated that each acute attack increases the inortaht) 
by approximately tw'o pci cent Too, they are relatively unaware ot the dra- 
matic reduction m moibidity and moitahty m gall-bladder surgery during 
the last decade 

It is all too easy to foiget that advanced acute cholecystitis is infiniteh 
more serious than is the disease in its early stages One of the greatest argu- 
ments against conservative therapy is that its practice by suigeons has led to 
widespread observation of acute cholecystitis by general practitioners and 
medical men This obviously allows the disease to progress to a dangerous 
state in many instances before surgical treatment is sought Only too often 
the initial theiapy is carried out m the home wdiere close obsen'ation is usual!} 
not feasible Education of our fellow physicians to regaid acute cholecystitis 
as as much of a surgical emeigency as acute appendicitis w'ould, m our opinion, 
reduce the present mortality and morbidity by at least one-half The ruptured 
appendix (fortunately less frequently encounteied now^) is, usually, the result 
of home remedies and purgation, yet the complications of acute gallbladdei 
disease which we see are most often due to the piactice of so-called conserva- 
tive therapy by physicians 

The reluctance to regard acute cholecystitis as a “surgical emergency ’ 
reminds the senior author of the slow acceptance at the turn of the century 
by the medical profession of early operation in acute appendicitis It is a para- 
dox that we are so univei sally agreed on the therapy of acute appendicitis and 
yet diverge so sharply in treatment of acute cholecystitis 

ETIOLOGY 

The obvious fallacy of regarding all inflammation as due solely to bacteria 
resulted in the common acceptance of infection or bacterial invasion as the 
primary etiologic factor m acute cholecystitis This w^as further substantiated 
by the experimental production of gallbladder inflammation by injecting 
streptococci into the portal circulation (Rosenow) The late Edmund 
Andrews was one of the earliest observers who pointed out the discrepancies 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 
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in the infectious theory Careful culturing of the bile and gallbladder walls 
m normal, chronically diseased, and acutely inflamed gallbladders levealed 
little difiteience, quantitatively oi qualitatively The failuie of correlation 
between the piesence of bacteria and the pathologic findings laised serious 
doubts as to the bacterial etiology of acute cholecystitis That the primary 
injury may be chemical was substantiated by Mann’s pioducing acute chole- 
cystitis by the intravenous injection of Dakin’s solution Andrews et al were 
able to reproduce a picture clinically indistinguishable from acute cholecystitis 
by injecting bile salts into the gallbladder 

Womack®'^ has emphasized the impoitance of the following factois m the 
pathogenesis of acute cholecystitis (1) obstruction of cystic duct, (2) action 
of entrapped bile on the gallbladder wall and (3) the occasional secondaiy 
bacterial invasion, superimposed on chemically damaged tissue This view 
was substantiated by experiments on dogs where obstruction of the cystic 
duct without removal of the gallbladder bile lesulted in acute inflammation, 
varying in seventy in dnect propoition to concentration of cholesterol and 
bile salts Identical cystic duct obstruction with replacement of the gallbladder 
bile with saline resulted in no corresponding inflammation 

COURSE 

The usual initiating factor in the production of acute cholecystitis is cystic 
duct obstruction , this obstruction in 95 pei cent of cases is due to an impacted 
calculus, although obstruction from congenital abnormality or inflammatory 
edema is occasionally encountered Kieinan^^ leports four m a series of 102 
cases of acute cholecystitis in which obstruction was not due to stones As 
long as the obstruction persists, the disease is a piogiessive one, for the 
intravesical pressure increases fiom secretion, exudation and transudation 
This increased tension may be so marked as to produce vascular interference 
with consequent gangrene and resultant perfoiation with peritoneal soiling 
In 80 to 90 per cent natuie will mtenupt the cycle by lelieving the obstruction 
— 1 e by dislodgement of the stone into the gallliladder or by passage into the 
common duct Thus, in at least 10 to 20 per cent, suigical interference is 
absolutely necessary if perforation is to be avoided 

The crux of the ai gument of the conservative school is the ability to deter- 
mine, clinically, which course of events is ensuing Yet, the admitted lack of 
parallelism between the clinical findings and the underlying stage of pathology 
makes “watchful waiting” fi aught with dangei In a revealing discourse, 
Touroffss reports 75 cases of pathologically proven acute cholecystitis, 52 of 
which were entirely free of clinical manifestations and 23 with only minimal 
signs or symptoms Despite the paucity of clinical findings, many of the cases 
had empyema, gangrene and even perforation ' Eliason and Stevens^*’ empha- 
size the disparity between pathologic and laboratory-clinical findings In 135 
cases of pathologically proven acute cholecystitis, 21 per cent presented no 
abnormality of the leucocyte count, 23 per cent had a normal temperature 
and 4 per cent had no tenderness whatsoever In any given case, accurate 
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deici mination of the exact nature and extent of the underljing stage of 
pathology is clinically impossible 

Pioponents of watchful waiting exploit the fact that 80 to 90 per cent of 
acute attacks i\ ill subside at the expense of the unfortunate 10 to 20 per cent 
who fail to do so Regarding acute cholecystitis as a progressive obstruction 
111 which It IS frequently impossible to determine the stage of the disease 
would be a much more logical plan Certainly -a disease which can disguise 
Its acuteness so efteclively should be legaided w’llh great concern Consena- 
tism should be moie accuiately designated as “wishful waiting” instead of 
w atchful waiting ” 

TREATMCXT 

Review of the Ameiican literature of the past 15 years leveals an increasing 
skepticism of conservatism m the management of acute obstiuctive chole- 
cystitis Tw'enty 3 'ears ago, the lalionale ot conseivative tieatment was not 
so gieatl} questioned In the past decade the pendulum has swung decided!} 
tow'aids eaily opeiation Evidence has been accumulated which demaiida 
seiious consideiation of suigeiy in ever} case ‘Clinical impiession ’ is too 
inexact even in the best hands That this is tiue is borne out by the frequent 
'Hiding of gangrene, empyema and perforation — often without significant varia- 
tions 111 temperature, blood count and clinical findings Falhs and McClure' ' 
report an incidence ot 15 9 per cent gangrene and perforation in a series of 
320 cases of acute cholecystitis Cowley and Harkins,^” m a collected series 
of 2,261 cases of acute gallbladder disease, found an average incidence of 
perforated gallbladder of 13 pei cent The frequency of gallbladder rupture 
in acute cholecystitis is often obscured by vvi iters of the conservative school 
who quote figures of 1 to 3 per cent which are dei ived by consider mg all cases 
of cholecystitis, whether acute or not Heuei,--' in an exhaustive study of 
personal cases and the literature concluded that at least 20 per cent of cases 
of acute cholecystitis will have the complications of gangrene, abscess or peri- 
tonitis if a policy of inactivity towards the disease is used All agree that such 
complications markedly increase the seriousness of the disease — ^mortalities 
from 20 to 52 2 per cent are found in the literature Heyd,^" after i epeated 
observations, states that acute cholecystitis is by no means “so benign or 
self-localizing a lesion as was formerly believed ” 

Wallace and Allen,*’^ in a most conipiehensiv^e study of 415 cases of acute 
cholecystitis at the Massachusetts General Hospital, found gangrene present 
in 29 4 per cent of all cases , over half of these cases presented per foration 
three had generalized peritonitis - In their series, perforation increased the 
mortality from 5 3 per cent to 17 2 per cent These authors vv^eie unable to 
find any reliable criteria to indicate peifoiation and gangrene — 30 of their 
cases suffered perforation while being obseived in the hospital Miller ,^2 in 
1930 at the same hospital, had emphasized that the general principle of opera- 
tion on septic processes without undue delay held true for gallbladdei disease 
Glenn^s. 24 one of the foremost advocates of early opei ation At the 
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New York Hospital, the policy has been to operate upon all patients after 
adequate pieparation unless there is some serious contraindication which is 
not immediately leparable During a 13-y ear-period, 527 patients have been 
handled m this fashion with only 13 deaths an enviable mortality rate of only 
24 per cent Heyd^° reports the lowest mortality and morbidity in those 
patients operated on within four days of the onset of their illness after a period 
of 6 to 24 houis hospitalization foi preparation Hotz regards the policy 
of watchful waiting as a "gamble unjustified by the end results,’^ finding 9 2 
per cent of all patients operated on for acute cholecystitis to have perforation 
with peritonitis His study shows only 23 per cent of these proved perforations 
to be definitely localized at the time of operation Lester, utilizing eaily 
operative interference, reports a mortality of less than 2 per cent m a series 
of 109 cases of acute cholecystitis MacDonald^^ advocates utilization of a 
two-stage piocedure cholecystostomy during the acute stage and cholecys- 
tectomy as an interval procedure He emphasizes that this is a logical plan 
in that It allows eaily relief of the obstructive element, which is rational treat- 
ment for any abdominal obstruction He points out that decompressive pro- 
cedures have well proved their worth in obstructions of the bowel 

Stone and Owings,^® in a classic discussion given befoie the American 

on an acute gallbladder as acute appendicitis or ruptured ulcer, although 
admittedly, gallbladder perforation had a much better chance of walling off 
They urged early surgery, pointing out that it would result in notable saving 
of time, expense and danger On the same program, Judd and Phillips®^ 
subscribed to the plan of early operation but urged careful individualization 
of all cases Despite the decided trend towards early surgical interference, 
there are many who just as strongly favor delayed intervention Pennoyer^^ 
believes the dangers of surgery in the acute phase are greatei than the danger 
of the natural course of the disease In analyzing the reports of many who 
statistically support the school of conservative therapy, one is struck with 
an obvious disparity only the fulminating cases are subjected to early opera- 
tion in their senes Then the results in the less seveie cases, which are 
handled conservatively, are compared to the group of fulminating cases in 
which early surgical intervention was necessaiy Obviousl}'-, such statistics 
are grossly misleading as they compare different stages of the disease process 

PROGNOSIS 

The most important factors m the ultimate outcome are the age of the 
patient, duration of the acute episode, number of antecedent acute attacks and 
duration of chronic biliary tract disease 

That the mortality is considerably higher in the older patients has been 
repeatedly stressed It is not appreciated that the elderly are more prone to 
develop gangrene and perforation and that eail)'- operation is especially indi- 
cated in this group This increase in complications of acute gallbladder dis- 
ease is the result of longer standing patholog}’- with more infection in the 
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biliaiy tract and a gi eater degree o£ resultant livei damage coupled with a 
/essened vascular leseive, locall) Glenn-’ leports a five-fold increase in 
mortality aftei the age of 50 — 5 M pci cent as compared to 1 13 per cent in 
patients undei 50 Ehason and Stevens’” report the mortality aftci 60 to be 
8 to 10 times the moitahty piioi to this age Falhs and McCluie‘” had onl) 
one death m 108 patients below' 40, oi a mortality of 0 9 pei cent, but had 
five deaths in 48 patients 60 and above, w'lth a mortality ot 10 5 per cent 
The factoi of duration of symptoms is of the utmost importance, tor com- 
plications — gangrene, pencholec} stic abscess and peritonitis — aie more fre- 
quent after the fiist 72 houis Delay inci eases the chances of obstructue 
jaundice and allow'S for pi obliged livci damage All agree that these compli- 
cations aie conducive to increased mortality and morbidit}' One cannot help 
but be impressed with the technical feasibility of operation and smooth con- 
valescence follow'ing lemoval of an acute gallbladdei in the earl) stage of 
the disease 

RESULTS or QUESTIONNAIRE 

Realizing the subject of acute cholecystitis to be a contioversial one, aid 
was sought from the various membeis of the Southern Surgical Association 
A gratifying questionnaire response was obtained, for 151 of the group doing 
general surgery reported Although admittedly difficult to answer such 
questions briefly, the following results were obtained 

Question I — In acute cholecystitis, do you favor early or delayed operation^ 
Of the 151 general surgeons queried, 101, oi 66 8 per cent, favored early 
operation, while 38, or 25 1 per cent, preferied delayed surgical intervention 
Twelve members, or 8 per cent, did not associate themselves with eithei group, 
pointing out that individualization of cases decided the issue 

Abell’ remarks that he has “long been an advocate of early operation in 
acute cholecystitis , this position resulted in watching sevei al patients go from 
bad to worse m subsequent gallbladder gangrene, perforation, sub- and mtra- 
hepatic abscess and pancreatitis ” Stone”’ emphasizes that he is a “strong 
believer of prompt operation in this condition ” Boland” states that he has 
“never regretted operating on an acute gallbladder ” Royster’’’ points out 
that early operation worked so well when he w'as a recent patient with acute 
cholecystitis, that he now, more than ever, is an advocate of early intervention 
Anglem, Carter, Cole, Estes, Finney, Gage, Goode, Longmire, C W Mayo, 
Ochsner, Rankin and Rienhoff are among those favoring early definitive 
surgery m acute cholecystitis 

Womack”” and the Barnes Hospital group withhold surgery m most 
instances of acute cholecystitis unless theie is evidence of progression rather 
than subsidence of the disease McClure”® urges conseivatne treatment and 
emphasizes the importance of following prothrombin studies and liver function 
tests carefully Dinsmore’” believes the dangers of delayed operation have been 
over-emphasized Rives’” prefers delayed or interval surgery unless the sever- 
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ity of the process does not permit Othei advocates of ‘‘watchful waiting” 
include Curtis, David, Guthrie, King and Venable 

Although it IS cleaily evident that this controversial pioblem has not been 
settled, there has been in the last fifteen yeais an unquestionable trend toward 
early (though not immediate) intervention 

Question II — In general, is cholecystectomy oi cholecystostomy your pio- 
cediiie of choice'^ 

If technically feasible and the patient is in reasonably good condition, 
cholecystectomy was overwhelmingly favoied as the pioceduie of choice 
Only 4 of 151 piactice routine or usual cholecystostomy, 3 of this 4 aie pro- 
ponents of delayed surgical intervention Drainage only is practiced by most 
of the group m the very elderly and extieinely ill patients and when the local 
pathology is so advanced as to make identification of vital stiuctures difficult 
Many advocate cholec 3 ^stostomy in severe diabetics The method of partial 
cholecystectomy first suggested by Denegre Martin is not infrequently used 
in the severe cases Heyd^“ favois cholecystectomy by a similar technic 
division of the gallbladder from the fundus to the cystic duct with complete 
enucleation of the mucosa The incision is then sutured and a rubber tube 
introduced He classifies the immediate result as a cholecystostomy , the ulti- 
mate result IS obliteration of the gallbladder Penick^® advocated early chole- 
cystectomy but advises cholecystostomy if operation must be done between 
72 hours and ten days Rankin^^ also favors removal of the gallbladder but 
states, “I am not ashamed to do cholecystostomy and believe I have saved 
many lives with this procedure ” Mahon^® is content to do gallbladder drain- 
age wi selected cases “without embarrassment or apology ” Cholecystostomy 
IS usually accepted as a compromise, but life-saving proceduie There is little 
doubt that it produces a clinical cure in a small, but appreciable, percentage 
of cases Especially is this tiue m those patients in whom there is a single 
large stone impacted m the cystic duct with minimal damage to the gallbladder 
wall Donald^® finds -ostomy cuiative m a large per cent of gangrenous gall- 
bladders and utilizes it frequently in patients of increased risk 

Question III — Do you advise concomitant choledochostomy? 

Agreement was again manifest in the answeis to this question, for the 
usual response was — “rarely,” “not routinely by any means” and “only when 
definitely indicated” The majoiity explore the duct only when jaundice is 
piesent, palpable stones are evident, the duct is thickened and unquestionably 
dilated, and in the presence of a moderate to marked associated pancreatitis 
Some few routinely aspirate the common duct and explore it when abnormal 
bile is obtained A smaller group advises choledochostomy when small calculi 
are present within the gallbladder As most cases of true acute cholecystitis 
aie secondary to cystic duct obstruction, there is usually not associated disease 
of the common duct Allen^ believes choledochostomy indicated in less than 
10 pei cent of acute cases Goode,^^ however, utilizes choledochal exploration 
m approximately 30 per cent of his cases Gatch,^^ on the other hand, believes 
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opening the common duct m the piesencc of acute cholecystitis is often 
dangerous 

Question IF —Do yon iccoyntzc o aiiical period m which sutgciy seems 
conti aiiidicated^ 

Unfortunately this question was a bit too ambiguous and some declined to 
generalize about it However, the following critical periods were emphasized 

(1) Period of dehydiation and electiolyte imbalance Although many 
were strong proponents of early operation, all were even more emphatic 
opponents of immediate operation The importance of adequate preoperative 
reparation in wdiich fluid, chemical and piotcin balance at c restored was 
repeatedly emphasized Such preparation can usually he accomplished in a 
fewf hours (usually 6 to 12) 

(2) From 72 hours to 7 to 10 days after onset of acute attack The dangers 
of this period were forcefully emphasized by many The technical difficulties 
at operation w^ere notoriously gi eater during this period Allen- states, "The 
mortality was higher in our cases wdien the operation w'as undertaken betw een 
the 4th and 12th days aftei attack began We, therefore, wait, if one can, until 
the attack subsides entirely unless w^e can get the patient in condition for 
surgery before the fourth day of disease ” This view w as supported by Burch, 
Gardner, Mixter, Ochsnei, Owmgs, Penick and others 

(3) Definitely subsiding acute cholecystitis wdicn fiist seen Balfour, 
Churchill and Mayo stress the dangers of suigery in this period 

The beforementioned peiiods aie the usual critical times recognized All 
are not m full accord, howevei Frank Glenn-’'* admits the technical difficulties 
of late acute or subacute cholecystic disease, but advises early surgery in 
view of “The unpredictable course ” Pi ofound ante-mortem collapse is essen- 
tially the only critical period recognized by Stone 

summary 

Significant lowering of the still appreciable mortality in acute cholecystitis 
would be obtained by 

(a) More widespread “prophylactic” biliary tiact suigery We are heartily 
in accord with the concept that theie is no such thing as a “silent or harmless 
gallstone ” As the future course is so unpredictable, all aie to be regaided as 
potentially dangerous This is especially tiue m the older age group where 
acute cholecystitis is such a severe disease Such interval cholecvstectomies 
should be done with a risk of less than one pei cent It is not unlikely that 
this risk is actually less than the dangei of malignancy in a calculous 
gallbladder 

Although the Graham-Cole test has been one of the gieatest advances in 
the management of gallbladder disease, too much emphasis is placed on actual 
visualization of positive or negative gallstone shadows If intrinsic liver disease 
IS reasonably excluded and the test properly done on several occasions with 
consistent failure of visualization of the gallbladder, sui gery should be strongly 

822 



iTolume 127 
A’uraber 5 


ACUTE CHOLECYSTITIS 


considered m all cases, as above 90 per cent of such cases will have biliaiy 
calculi 

(b) Regarding biliary colic and acute cholecystitis as “suigical emei- 
gencies ” This does not imply that such cases ai e to be operated on as quickly 
as appendicitis or ruptured ulcer A period of preoperative preparation of 
four to eight hours is essential to restoie electrolyte and fluid balance and 
caiefully evaluate the patient Duimg this period the diagnosis can be defi- 
nitely established Early surgery is then indicated , this will obviate the 
gamble, which we consider unnecessai )'■ and definitely hazardous, of attempting 
to determine the course of a frequently piogressive disease by clinico-labora- 
tory methods That a policy of diligent observation is an unsound one is 
accepted univei sally in acute appendicitis but is, unfortunately, a controvei sial 
one in acute cholecystitis It is likely that 75 per cent of episodes of acute 
appendicitis will subside without primary opeiation, but no surgeon will 
sanction such treatment Is it not a paradox that some of these same surgeons 
will observe the pi ogress of acute cholec)'’stitis on the basis that 80 to 90 pei 
cent will subside ^ 

General acceptance of earl)^ sui gery as the ti eatment of choice in the acute 
gallbladder will obviously do away with the proci astination and casualness so 
fiequently encounteied in the eaily stage of the disease Instituting opeiative 
theiapy before the period of complications — empyema, gangiene and peifoia- 
lion — will, needless to say, dramatically reduce the morbidity and mortality of 
the disease 

Cholecystectomy will be feasible in above 90 per cent of the cases and is, 
without a doubt, the procedure of choice in trained hands However, theie 
will always be. cases in which the geneial condition of the patient is sufficiently 
precaiious or the local pathology so marked that identification of the Vital 
structures is not feasible, this group should be handled by cholecystostomy 
In severely ill patients, this may be a life-saving pi ocedui e and can be executed 
under local anesthesia practically without iisk 

(c) Careful individualization of cases m the betorementioned ciitical 
periods 

(1) When first seen Pai enteral fluids, nasogastric suction, sedation and, 
fi equentl)'-, blood should be used While early operation is ideal ti eatment, 
immediate suigeiy is often unjustified and dangerous 

(2) From the 3rd oi 4th day to the 10th day after onset of the disease 
This period is commonly recognized as having the highest morbidity and 
mortality It is the period of advanced disease — the time of systemic deple- 
tion, impaired hepatic function and local complications, pericholecystic abscess 
and peiitonitis It is the peiiod to be avoided b}'’ instituting earl}'' suigeiy 
Careful individualization is essential In contrast to tlie first 72 to 96 hours 
in which all cases should be considered seriously for eaily surgery, this peiiod 
should be approached with a more consen^ative attitude If the disease fads 
to subside or becomes progressive, then suigery is indicated In this state of 
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advanced disease, cholecystostomy is often the procedure of choice and should 
be done without apology It is infinitely better to do a safe drainage procedure 
than a heioic extirpation Such advanced acute cholecystitis is the result of 
neglect, piocrastination and “wishful waiting’ and should best be tieated b} 
avoidance — i e , early definitive surger} 
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Discussion — Dr Willard H Parsons, Vicksburg, Miss It seems to me that 
the very informative paper of Doctor Barksdale and Doctor Johnston poses, among other 
possibilities, two important considerations First, should patients having acute cholecys- 
titis be subjected to immediate surgical intervention, should they be treated conservatively 
so long as their condition continues to improve or, finally failing to improve, should 
they be subjected to exploration? 

The essayists, in agreement with the manj distinguished surgeons whom they quote, 
believe that patients having acute cholecystitis should be operated upon during the early 
phase of the disease The truth of the matter is that I do not, and I rather doubt that 
many of those pre'-ent encounter a great number of patients having acute cholecystitis 
within the first 24 or 48 hours of its onset Perhaps education of general practitioners 
and of our medical colleagues will alter this situation Unless and until it does, surgeons 
wi’l not have the opportunity of treating a great many patients for acute cholecystitis 
sooner than the second or third day of illness The authors quote Allen as stating that 
surgery is particularly hazardous between the fourth and twelfth days after the attack 
begins They further state that Allen advises waiting, if one can, until the attack sub 
sides entirely unless the patient can be operated upon before the fourth day of the attack 
This seems to me sound practice and has been the course I have elected to pursue 

The second question of concern presented by the essayists is the matter of whether 
or not patients having acute cholecystitis are apt to have stones m the common duct and, 
if stones are present, what should be done about them Everyone of experience agrees 
that the common duct should not be explored unless all the vital structures in that area 
can be identified For that matter, no operation on the biliary tract other than cholecys 
tostomy ought to be done unless this is possible, and it is usually failure to do so that 
leads to disaster I had hoped the essayists would precisely record their personal experi- 
ence in this matter, for Doctor Barksdale and I practice in adjacent communities and 
would perhaps expect to encounter about the same types of lesions in our practice 

Of the last 100 consecutive patients on whom I have personally operated for disease 
of the biliary tract, 15 had acute cholecystitis clinically and pathologically Of this group 
one or two had gangrene of the gallbladder with perforation In 14 of the IS patients, 
the gallbladder was removed, in one it was drained for various reasons and, a few weeks 
later, stones were removed from the common duct and the gallbladder was removed 
Seven of the 15 patients, or slightly less than 50 per cent, had stones removed from the 
v-ommon duct at the time of the primaiy operation 

In other words, during this particular period of time, 15 per cent of the patients on 
my service having surgery of the biliarj'- tract, had acute cholecystitis Of those having 
BCpte cholecj’-stitis, essentially all had a stone, or stones, m the cystic duct and 50 per cent 
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iiad Stones in the coininon duct Of this group of 15 patients rclerred to, fortunately 
none died 

Reducing tiie affair to a practical basis, it would seem to me desirable to educate 
general practitioners and internists to the necessity of promptK requesting surgical consul- 
tation for patients ha\ing acute cholecjstitis It would further seem proper if one 
encounters, during the e.irh phase of the disease, a jiatient with acute cholec3stitis, to 
remove the gallbladder and do such other procedures as might he prudent and indicated 
The majorita of jiatients liaMiig acute choIecNstitis arc not encountered earh in the 
course of the disease and these patients, I bclicec, ought to be treated conservatiech, 
proeided their condition iniproees, until after the critical phase of the disease has passed 
Thee maj then be subjected to appropriate surgerj with increased safet\ 

Dr Hubert A Ro\stir, Raleigh, NCI was \cr> grateful to Doctor Barksdale 
for including me in his questionnaire I thought I might answer his questions best, if I 
appeared in person as a watness and as Exhibit A Since the last meeting of this '\sso- 
ciation I ha\c been through all the stages of the disease that Doctor Barksdale has 
described [Main \cars ago I was imbued with the idea that acute inflammation of the 
gallbladder should rccenc immediate surgical attention But I was \crj timid about it 
and I presented a short paper on “Should We Operate on the AcutcK Inflamed Gall- 
bladder’” I was impressed bj this because, when jou got a patient who had been 
through the acute period, after four or Use dajs operation was casj , the gallbladder 
could be peeled out like a banana from its skin On the other hand, appendicitis and 
cholec\stitis in the acut forms arc not w’hollj' analagous, because in the former rupture 
and gangrene are aery ‘lequent But I still think these conditions in the gallbladder 
are rare 

I was seized with intense pain which let up in about a week, at the end of that time 
I w'as operated on, the surgeon finding acute empjema of the gallbladder with intense 
edema throughout the biharj tract (as I understand it, I did not ha\e a mirror) — intense 
edema, which is a serious complication The surgeon drained nu gallbladder and after a 
long siege of drainage of pure bile the gallbladder was subscqucntlj remoaed In addi- 
tion, of course, they tied mj superficial femoral \ems and also had me practice, m mj 
own wav, earlj ambulation I had alrcadj stuck out mj neck about that, so 1 had to 
practice what I preached 

In addition six months later, I still haae some pain at 5 00 a M and 5 00 r m I used 
to w'onder w'hj m3 patients had that, and now' I understand I expressed to Doctor 
Barksdale the procedure which I think we should adopt Chokcystcctom3', if 30U can, 
cholecystostomy, if you must In surger3 there is man3 an "if-and-but” , also an occa- 
sional “and/or” and often a “v'hether-or-not” , which reminds me of the preacher who 
ga\e out notices at the Sunda3 morning service Said he “On Wednesday night there 
w'lll be the usual pra3er meeting, God being w'llhng On Frida3 afternoon there w'lll be 
the annual Sunda3 School picnic at 3 00, w'hether or not ” 

Dr Malcolm Thompson, Louis\ille, The limitations of time prevent, I regret, 
my discussing more than one of these excellent papeis, so mv remarks will be confined 
to the -ubject of gangrenous cholecystitis As Doctor Barksdale has told us, gangrenous 
cholecj'stitis IS a serious condition requiring surgical operation early in its course 

In operating upon a patient with gangrenous cholecystitis the surgeon is motivated 
by two desires The first is to remove all the necrotic tissue which, if permitted to 
remain, will act as a focus for the continuation of peritonitis The second is to avoid 
opening new avenues of infection, biliary contamination, and hemorrhage, while removing 
the diseased tissue 

Although classical cholec3 stectom3 will remove all the diseased tiS?ue, it opens up 
new planes for infection and may lead to hemorrhage from the hepatic bed in a patient 
poorlv prepared for such loss of blood or added in3ur3' Although drainage alone will not 
promote spread of the infection nor lead to undue hemorrhage, it does not afford remov'al 
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of all the diseased tissue, nor will it ensure against a recurrence of the disorder should 
the patient survive In addition, cholecystostoiny alone is often inadequate because if the 
gangrenous process has not already involved the entire gallbladder it may do so later 

Doctor Barksdale has mentioned Doctor Martin’s contribution In 1922, at the 
Memphis meeting of this Association, Dr E D Martin of New Orleans described for 
the relief of gangrene of the gallbladder what he called a compromise between complete 
excision and drainage, m which he opened the gallbladder to the cystic duct and removed 
the mucosa by the use of curettage and escharotics This was followed by drainage of the 
remaining portion This method of Doctor Martin’s a»^oided the undesirable features of 
cholecystectomy while retaining the feature of removal of the diseased portion and left, 
upon recover}’-, a harmless fibrous cord Subsequently, Doctors Gatch, Estes, Heyd, and 
Pribram reported similar methods 

After hearing Doctor Martin, Doctor Abell modified the procedure somewhat and 
has used it since when the occasion presented As now performed, that portion of the 
gangrenous gallbladder which is not intimately attached to the liver is excised with a 
sharp instrument to the oiigin of the cystic duct Bleeding points, which are usually only 
one or two, are ligated individually with a suture type ligature That portion of the 
mucosa remaining upon the hepatic attachment of the gallbladder is removed from its 
bed by sharp dissection The fibromuscular coat remains upon the liver and from it 
receives enough blood to suivive The operation is completed by insertion of a soft dram 
to the orifice of the cystic duct which, in my experience, has not been involved in the 
gangrenous process as it receu’es collateral circulation from the vessels in the duodeno- 
hepatic ligament 

Those of us who have profited in countless ways from Doctor Abell’s teaching and 
example can assure you that this is a most satisfactory procedure and is, I believe, the 
one of choice for treating gangrenous gallbladders Those of you who have yet to 
perform it for the first time will be pleased, as I was, at the ease and rapidity with 
which It can be done, the relatively small amount of bleeding, the smooth convalescence 
provided there is no serious complication, and the permanence of relief 
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Dr Charlrs M Edfu Louis\ille, Ky I ha\c cnjojcd the papers of Doctors 
Hagan and Barksdale It lias been my pleasure to have assisted Doctor Hagan on manj 
of his cases In the method just described he has materialh reduced the usual delay inci- 
dental to obtaining a direct cholangiogram during the surgical procedure 

Only recentlj an occasion arose m which I was greatly relieved by the cholangio- 
graphic findings In the course of a simple retrograde cholccj stectomj I encountered an 
anomalous cjstic or abenant duct ^t first glance I thought I had tented and removed 
a segment of the common duct riirther exploration, however, fortunatelv for the patient 
and myself, proved this not to be the case An immediate cholangiogram gave additional 
confirmative evidence for which I was most grateful 

The two slides I would like to show demonstrate our findings (Figs 1 and 2 , 
Page 827 ) 


Dr J W Barksdalf, Jackson, Miss (closing) I regret that I have not the figure 
in percentages of calculi in the common duct In some desperately ill and aged patients 
where the time factor was a desideratum greatlj to be desired, no attempt was made to 
discover the presence of stones Realizing that m this class of cases life hangs bj an 
exceedingly tenuous thread the effort has been made to compromise b\ doing the least 
possible surgery It has been thought better m some instances, should it become imper- 
ative, to postpone to a later date operation on the common duct 

In reading the paper, time did not permit dwelling in citniso on the Martin method 
of choleci stectomy In many instances it Ins obvious advantages and is often a life-saving 
procedure By carefullj attempting to evaluate each individual case and to follow such 
procedure as might be indicated m a particular case, we have had no deaths in our 
gallbladder surgery m the last 318 cases 


Dr J Harvev Johnston, Jackson, Miss . (closing) While serving as residents at 
Chanty Hospital in New Orleans, Dr R B Brunazzi and I studied with Dr Alton 
Ochsner the records of all patients with clinicallj and pathologicallj proven acute chole- 
cystitis for the five-year period prior to January, 1946 This hospital is unique in actuallj 
being three hospitals in one Although the medical and clinical facilities are identiral, 
each service is an independent one with its own policy of practice An excellent oppor- 
tunity for a controlled comparison of results m acute cholecystitis was offered, for one 
service favored early operation and another practiced delaved intervention 

The study comprised 140 cases of unquestionable acute cholecv stitis both from a 
clinical and pathologic standpoint, 54 per cent were treated by earlj operation, 46 per 
cent by observation with operation only when the disease failed to regress In analvzing 
the clinical picture it is important to note that 25 per cent failed to present leukocytosis 
and only 30 per cent had admission temperatures exceeding 1004 degrees, while 95 per 
cent presented pain and tenderness Palpable mass was found in 40 per cent Thus, I 
believe it is a mistake to wait for the development of fever, leukocystosis, and palpable 
mass before making a clinical diagnosis of acute cholecystitis 

More advanced pathology was found at operation m the delayed operation group, 
22 5 per cent empyema as contrasted to 10 S per cent m the early operation series , rupture 
with localized peritonitis in 6 5 per cent as compared to 3 9 per cent Although I have 
beard several outstanding men say they have never seen a case of generalized peritonitis 
as a result of acute gallbladdei disease, there were five cases in this series of 140, an 
incidence of 3 6 per cent I Associated adenocarcinoma of the gallbladder was found in 
two, or I 4 per cent 

Morbidity studies showed that hospitalization averaged 30 5 days in the delayed group 
and 19 5 days in the e^rly operation cases In those cases hospitalized within three days 

828 



»olum6 127 
Iviimber 5 


ACUTE CHOLECYSTITIS 


of the onset of acute illness, mortality was 6 7 per cent in those cases submitted to early 
operation and 12 5 per cent in the patients treated expectantly However, in the patients 
hospitalized more than 72 hours after the beginning of their illness, 18 per cent died if 
submitted to early operation, while 9 per cent expired when delayed surgery was 
practiced Although the senes is small, it is evident that early cholecystectomy is the 
procedure of choice in the first 72 to 96 hours of the illness If operation is neglected 
during this period, it would seem much wiser to defer operation, if at all possible, from 
the fourth to the seventh day of the disease, as early surgery in this period had a 
prohibitive mortality 

The beforementioned mortality figures are higher than those usually encountered 
This is due partly to the type of patient treated, but mainly to the rigid criteria each case 
fulfilled before being classed as acute cholecystitis As we were earnestly trying to 
evaluate the conflicting types of therapy, all borderline cases were excluded 
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A CLINICAL EVALUATION OF CHERNEY’S INCISION" 

John C Bubch, Horace T Lavely and Cloyce F BRADLE-i 

Nashville, Tenn 

In this country, the usual suigical appioach to the pelvic visceia is 
through a median suprapubic oi paiamedian incision Oui pieference has 
been foi the paramedian incision and usually the exposure has been adequate 
However, many situations aie encounteied in which tlie operation could be 
facilitated by moie exposuie This is because most of tlie stiuctuies in the 
depth of the pelvic cavit}^ run perpendicuLu to the axis of the vertical incision 
and are located near its low ei angle where reti action is limited by the attach- 
ment of the recti to the pubis For these reasons, many continental surgeons 
have favoied the Maylaid or Bardenheuer incision 

This incision begins one to two fingerbreadths below’^ and medial to the 
anteio-superior spine and pioceeds in a gentle cuivihnear fashion to a point 
one or two fingerbreadths below and medial to the opposite antero-superior 
spine All layers of the abdomen are divided m the plane of the incision 
Exposure is facilitated as the transveise diameter of the longer abdomen is 
25 per cent greatei tlian the distance fiom the umbilicus to the symphysis 
Since exposure is a function of the length of the incision, the transvei se inci- 
sion gives a field one and one-half to two times gi eater than the usual vertical 
one It may be argued that lengthening the vertical incision wnll produce the 
same exposure This, however, is not true as regaids exposuie of organs 
within the true pelvis, as exposuie is limited by the bony framewfork of the 
pelvic inlet Here again the greater trans\eise diameter of the true pelvis 
produces the same result of an increase of one and one-half to two times the 
exposure In addition to the greatly increased exposuie, the transverse inci- 
sion IS more efficiently used as the couise of most stiuctuies is paiallel to the 
axis of the incision, and in line with the eye of the operator 

The disadvantages of the Bardenheuer type of incision lesult fiom the 
anatomic features peculiai to the subumbilical legion When the lectus muscle 
IS divided above the level of the tendon and below the entrance of the 11th 
and 12th thoracic nerves, the lowei oi pubic segment of the divided lectus 
IS denervated The absence of tendinous inscriptions in the subumbilical region 
allows the rectus to contract and separate the cut ends moie widely than in 
the supra-umbihcal region Perhaps the w^eakest point of the incision is the 
absence of a well developed posterior rectus sheath at the level of the incision 
At the time of closure of such an incision, the abdominal wall consists solely 
of the sutured peritoneum and the fascia of the anterioi sheath It is, there- 
fore, definitely not as strong as a sutured rectus cutting incision in the upper 
abdomen These anatomic disadvantages can readily be seen to favor the inci- 

■^Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 


830 



Volume 127 
Number 5 


CHERNEY’S INCISION 


dence of postoperative hernia and evisceration, although many obseivers state 
that this IS not unduly high 

In spite of its disadvantages, the continental suigeons have found the 
Raidenheuer incision useful and indicated in certain cases With few excep- 



Fig 2 — Transverse incision of peritoneum 

tions^ most American surgeons know of it by name only This is probably 
due to the fact the Europeans have used it primarily for the radical operation 
for carcinoma of the cervix, and this operation has until recently been of infre- 
quent occurrence among us A more radical attitude toward the problems of 
uterine malignancy and the tendency to resections and anastomosis in the 
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lower sigmoid and uppei rectum have contributed to a desiie for bettei than 
average exposure in the depths of the tiue pelvis This need has expressed 
Itself 111 a search for an improved transverse lower abdominal incision 

Cherney^* ^ presented a modification of Bardenheuer’s incision which does 
much to overcome the anatomical disadvantages This incision has been used 
by Falhs^ to advantage in resection of the rectum and by Smith^ for exposure 


Table I 

Diagnosis 

Number 

Per Cent 

Fibromyoroa Uteri 

29 

48 3 

Endometriosis 

7 

11 6 

Ovarian Tumor 

4 

6 66 

Carcinoma of Cervix 

3 

5 0 

Cephalo-Pelvic Disproportion 

3 

5 0 

Ovarian Failure 

3 

5 0 

Carcinoma of Fundus 

2 

3 33 

Carcinoma of Sigmoid 

2 


Diverticulitis and Diverticulosis 

1 

1 66 

Gangrene of Ileum 

1 

1 66 

Intussusception 

1 

1 66 

Stncture of Ileum (X-Ray) 

1 

1 66 

Peritoneal Inclusion Cyst 

1 

1 66 

Ureteral Calculus 

1 

1 66 

Retroversion 

1 

1 66 


Table II 


OPERATION 

NO 

% 

HYSTERECTOMY, COMPLETE 

35 

58 3 

OOPHORECTOMY 

4 

6 66 

MYOMECTOMY 

4 

6 66 

HYSTERECTOMY, RADICAL (WERTHEIN) 

3 

5 0 

CESARIAN SECTION 

3 

5 0 

RESECTION SIGMOID 

3 

5 0 

RESECTION SMALL INTESTINE 

3 

5 0 

HYSTERECTOMY, SUBTOTAL 

2 

3 33 

URETEROLITHOTOMY 

1 

1 66 

EXCISION PERITONEAL CYST 

1 

1 66 

SUSPENSION (OLSHAUSEN) 

1 

1 66 


X 
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H 

m 
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of the lower ureter PetiU found it difficult to close In spite of these opinions, 
there is little factual material in the literature based on any substantial number 
of cases For this reason, it has seemed wise to us to call attention again to the 
incision and to present an analysis of 60 cases in which it has been used 


DESCRIPTION 

The skin incision is made in a curvilinear fashion beginning from one to 
two fingerbreadths below and medial to the antero-superior iliac spine, crossing 
the midline, running almost straight and just within the hairline, and termi- 
nating below the iliac spine of the opposite side (Fig 1) It is carried through 
the subcutaneous tissue down to the aponeuroses of the external oblique 


832 





Volume 127 
JSuniber 5 


CHERNEY’S INCISION 


muscle and the anterior rectus sheath At either end of the incision the super- 
ficial epigastric vein is usually encountered, divided and ligated 

The anterior sheath of the rectus muscle is incised m the line of the skin 
and the incision is extended laterally through the aponeuroses of the external 
and internal oblique muscles, thus exposing the underlying recti with the 
transversalis fascia and peiitoneum lateially In the moie central portion, the 
aponeuroses of the obliques are fused, but as the incision is extended laterally, 
two separate layers are recognized at the ends of the wound The fleshy 


Table III — Morbidity 


Days 0 1 2 3 4 5 6 

Number 19 13 12 12 2 0 2 

Per Cent 31 7 21 6 20 0 20 0 3 3 0 3 3 


Total Morbidity = 93 Days 
Average Morbidity = I 55 days 

In this Study morbidity includes any day in which temperature 
exceeded 38°C(100 4°F) including day of operation 


Table IV 


Ambulatory No Per Cant 


First Day 49 81 6 

Second Day 8 13 3 

Third Day 2 3 33 

Later (6th Day) 1 1 66 


Table V 


Complication 

N umber 

Per Cent 


Cystitis 

3 

5 00 

Wound Infection 

1 

Atelectasis, Minimal 

3 

5 00 

Thrombo Phlebitis j 

1 

)■ None 

Diarrhea 

2 

3 33 

Pulmonary Embolism j 

Pre Vesical Hematoma 

1 

1 66 

Wound Disruption ; 

\ 

Total 

9 

15 00 




fibers of the internal oblique muscle ,come into view under the aponeurosis 
of the external oblique In exceptional cases the internal oblique muscle may 
be encountered more medially and may be split if necessary The lower flap 
of the rectus sheath is grasped on either side of the midlme and separated 
from the underlying recti by sharp dissection down to the pubic bones The 
pyramidalis muscles are then dissected from the recti and the tendinous inser- 
tions of the recti are divided close to the pubic bones, allowing the recti to 
be reflected upward. 

The peritoneal cavity is entered laterally and the incision is carried across 
one to two fingerbreadths above the reflection of the bladder peritoneum The 
peritoneal incision usually extends from one inferior epigastric artery to the 
other There is no contraindication to dividing one or both arteries (Fig 2) 

In closing, the peritoneum is sutured with interrupted sutures of :S40 
cotton Curarization is a distinct aid m overcoming any difficulty in the closure 
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The tendinous ends of the recti are reapproximated with mteirupted sutures 
It IS much easier to place all these sutures before tying The lateral ends 
come together easily The method of tying is quite simple The assistant 
cippioximates the tissues with the next to the end suture while the opeiator ties 
the end suture This allows a knot to be set without tension as the strain is 
taken by the untied approximated suture more medially 

The pyramidahs muscles aie then allowed to fall into place The anterior 
rectus sheaths and the aponeuroses of the oblique muscles aie then closed in 
one layer, care being taken to pick up both layers in the lateral portions of the 
wound The subcutaneous tissue and the skin ai e sutured in the usual manner 

There were 60 cases in which this incision was used (Tables I and II) 
They represented a wide variety of pelvic lesions Two-thirds of the cases 
were gynecologic In these, a supeiior exposure was afforded by the incision 
However, this wide exposure is not necessary foi the usual gynecologic pio- 
cedures In the more difficult cases, the incision is a distinct advantage Thiee 
of our cases had caicmoma of the cervix and were submitted to radical 
hysterectomies These, as well as the one case of uieteral calculus m the 
lower ureter, illustrated the desirability of the incision for exposing the uretei 
m its terminal portion In low cervical and extraperitoneal Cesarean section, 
the exposure of the lower uteiine segment is accomplished more easily than 
in the customary vertical incision There were two cases of caicmoma m the 
1 ecto-sigmoid and one case of diverticulitis in the same region All these were 
subjected to resection and anastomosis and all anastomoses were at or below 
the peritoneal reflection Under ordinary conditions we have found this can 
be a trying procedure, but in these cases the anastomoses uere easily done 

The convalescence of this diversified group of cases was remarkably smooth 
in spite of the fact that many were submitted to radical and extensive 
procedures 

In calculating morbidity, a day of morbidity was defined as any day in 
which the temperature exceeded 38°C (100 d^F), including the day of opera- 
tion (Table III) In the entire series there was a total of 93 days of moibidity 
with an average morbidity of 1 55 days 

The patients in this senes were allowed to walk as soon as their condition 
permitted Of these, 81 6 per cent were walking on the first postoperative 
day and all except one were up and walking by the third day (Table IV) 

There were no deaths and remarkably few complications (Table V) There 
were no wound infections All wounds were securely healed and m satisfactory 
condition on the patient s discharge from the hospital Unless otherwise 
indicated this occurred on the ninth postoperative day All except six cases 
have been observed at periods ranging from one to ten months, and in no 
instance has wound weakness or herniation been noted The recti were appar- 
ently intact in all Three patients complained of some residual soreness in 
the lateral angles four months after operation It was not unusual to see some 
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cutaneous hypesthesia within the arc of the incision The single complication 
relative to the wound was the development of a prevesical hematoma which 
satisfactoiil}'' resolved There were no cases of tin ombophlebitis or pulmonary 
embolism m this small group 


SUMMARY 

The Cherney incision offers marked advantages for the execution of diffi- 
cult surgery deep m the pelvis The wounds heal satisfactorily if properly 
closed It IS recommended as a distinct advance m those cases presenting 
problems of exposure 

REFERENCES 

^Cherney, L S New transverse low incision California & West Med 59 215-218, 
1943 

- Modified transverse incisions for lower abdominal operations Surg , Gynec & Obst 
72 92-95, 1941 

" Fallis, Lawrence S Anterior resection of the recto-sigmoid and upper rectum with re- 
establishment of continuity Surgery, 14 397-402, 1943 
^ Petit, A V Method of wound closure m transverse incisions West J Surg 51 479- 
481, 1943 

® Smith, Donald R The Cherney incision as applied to the surgery of the lower uretei 
and bladder Surg, Gynec & Obst 83 364-368, 1946 

Discussion — Dr Joe V Meigs, Boston I rather hoped I would not have to 
discuss this paper I have the greatest respect in the world for Doctor Burch and for 
this incision We have tried a transverse incision cutting straight through the fascia and 
recti muscles It is very easy to do and a perfect incision to operate through After 150 
cases I finally discovered a number of hernias I have given it up, but my associate 
Doctor Parsons, still considers it satisfactory 

The Cherney incision of which Doctor Burch speaks, cuts across the insertions of 
the recti into the pubes We have used it and discarded it For operations on the bladder 
or the lower end of the ureter it is perfect We have done about 150 radical operations 
for cancer of the cervix, and in no instance have we had any difficulty in approaching the 
area of operation through the midhne incision It gives by far the best approach I 
thoroughly agree that so far as convalescence is concerned the transverse incision is 
better In young girls in whom we do not want to leave a scar the hairline Pfannenstiel 
incision is very satisfactory No muscles are cut across and one can get plenty of room 
to do most pelvic surgery, including hysterectomy For radical surgery I believe the 
midhne incision is best 

Dr. John C Burch, Nashville, Tenn (closing) I think in fairness it should be 
stated that the incision Doctor Meigs used is the Bardenheuer incision, and not the 
incision described So far we have had no hernias, maybe we will get them Certainly 
ue have had them with the vertical incision As to exposure, that is a matter of opinion 
I am no stranger to the problems involved in radical surgery m the pelvis In my opinion 
this incision, for my use in my way, has a distinct advantage The reason for that is 
simple When one is doing a radical operation or must operate deeply in the pelvis the 
structures at the bottom of the pelvis are in line with the eye, and it is not necessarj' to 
null against the recti to get exposure I grant it is more difficult to make and to close 
It may have a higher incidence of hernias, but so far we ha\e had none When succes-) 
of the operation depends on exposure, it deserves serious consideration 
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FROM THE DEPARTMENT OF SURCERT, \ANDERRILT USUFRMTV SCHOOL OF MEDICINE 

“Wet lung” or ‘tiaumatic wet lung’ aie terms used to denote the 
accumulation of fluid in the lungs following accidental or operative trauma 
This fluid may consist of blood, transudates, exudates or mucous m any com- 
bination The term “pulmonary edema” is often used loosely to describe this 
picture Edema m the strict sense implies an increase in interstitial fluid 
However, as it has been applied to the lungs, it indicates the accumulation 
of pulmonary transudates within the air passages 

“Wet lungs” often are primary obstacles to recovery Their treatment was 
of particular concern during the recent World conflict ' “■ ® The mechanism 
by which “wet lung” is produced is poorty understood In these studies we 
have reproduced “traumatic wet lung” expeiimentally The resultant changes 
have been studied 

I THE PRODUCTION OF EXPERIMENTAL WET LUNG 

Methods — Twenty-one mongrel dogs were anesthetized with intravenous 
sodium pentobarbital in doses of 30 milligram per kilogram of body weight 

Trauma to the chest wall was produced m the anesthetized animal m two 
ways Trauma was produced to the right hemothorax in all experiments In 
all experiments the animal was fully anesthetized In 14 experiments in this 
group a falling weight was used In seven additional animals the right 
chest was shot in a tangential direction with a 45 calibre pistol as was 
described in a previous article^ The degree of trauma, established at 
autopsy, has been judged on two bases First, the damage sustained by the 
thoracic cage, second, the damage sustained by the lungs Four grades have 
been established and are used throughout this paper 

1 Veiy slight — no ribs broken — Pleura intact — Minimal bemorrhage into 
the adjacent lung without lacerations 

2 Slight — Simple fractures of one or two ribs — Pleura intact Shallow 
lacerations of the lung, if any, with slight adjacent hemorrhage 

3 Model ate — Complete fractures of one or two ribs Slight to moderate 
pleural tears Lacerations of the lung often present Hemorrhage involving 
approximately one-half of the directly traumatized lobe and often involving 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Tuesday, December 9, 1947 

I This work was supported in part by Grants in Aid of Research from the U S 
Public Health Service and the Ciba Pharmaceutical Products, Inc 

Elquipment m the Lung Station of the Department of Medicine, a laboratory organ- 
ized under a Grant from the Commonwealth Fund, was used in a part of this research 
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adjacent lobes Occasionally slight hemorrhage posteiiorly in the opposite 
(left) lung 

4 Seveie — One, two, sometimes three ribs shattered — Large pleural 
defects The directly traumatized lobe completely hemorrhagic, often to the 
extent that it assumed the consistency of the liver, and usually lacerated 
Adjacent lobes considerably involved with hemorrhage Hemorrhage poster- 
iorly m the opposite (left) lung 

In 13 of the experiments arterial blood samples were drawn from the 
light femoral artery for the determination of arterial oxygen saturation and 
the hematocrit Portions of nine were kept refrigerated under oil until the 
determination of oxygen saturation was made This was never more than 
five hours after the sample was obtained A portion of each sample was 
placed in an ammonium oxalate bottle for the determination of the hema- 
tocrit The first sample was obtained after anesthesia was induced, the 
second 15 to 20 minutes after the animal had been tiaumatized The third 
and final sample was drawn just before termination of the experiment The 
only exception is m the case of animal 58 (see Table I) , m this instance the 
third sample was obtained at 24 hours 

Arterial oxygen saturations were determined accoidmg to the method of 
Van Slyke and Neill” The hematocrits were determined in Wmtrobe hema- 
tocrit tubes 

The animals remained on dog boards in the anesthetized state throughout 
the short-term experiments In the experiments which were continued for 
24 to 72 hours the animals were allowed free movement and access to food 
and water after reacting 

All animals which did not die as the result of tiauma were sacrificed 
with large intravenous doses of sodium pentobarbital sufficient to produce 
almost instantaneous death In the early experiments the lungs were removed 
at autopsy with clamps on each hilus Each lobe was individually tied off, cut 
free, and weighed These weights were expressed in terms of per cent of 
body weight These ratios were found to correlate well with the amount of 
fluid present in the bronchi, observed at autopsy The practice of weighing 
each lobe was, therefore, soon discontinued 

The amount of fluid present has been graded foi each lobe on the basis 
of the amount exuding from the cut ends of the bionchi wnth gentle pressuie 
These observations are recorded in Table I as follows 

1 Very slight 

2 Slight 

3 Moderate 

4 Considerable to excessive 

The figures recorded in Table I are the approximate averages for all lobes 
of both lungs 

The abdomen was opened at autopsy in all experiments to determine the 
extent of intra-abdominal inj'uries 
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Restilts — Table I shows the results of the 21 expeiiments m this senes 
The type of injuiy and the subsequent pathological picture were so similar 
with the two methods used in producing thoracic trauma that they are con- 
sidered together without distinction 
Examination of Table I leveals the following facts 

1 Traumatic wet lung w^as produced routinely with the methods employed 

2 The amount of pulmonary fluid produced m each experiment varied 
diiectly wnth the degiee of trauma 

3 The pulmonary fluid appealed very lapidly after theracic trauma, was 
still present in propoi tion to the trauma inflicted at 24 hours, and had largely 
disappeared at 72 houis 

The microscopic pathologic picture of traumatic wet lung as it was pro- 
duced in these experiments is as follows 

1 Alveolar rupture with exti avasation of blood into the air spaces as 
previously desciibed by one of the authois (RAD and compaied by him 
to blast effects obtained experimentally in watei ^ and air 

2 The presence of edema fluid characterized micioscopically by dilated 
extravascular and lymphatic spaces and the presence of this fluid within the 
alveoli and bronchioles 

Grossly there was hemoirhagic consolidation of the directly traumatized 
lobes varying from slight to the consistency of liver Often there was hemor- 
ihage in the posterioi portion of the opposite (left) lung, especially m the 
more seveiely injured animals Frothy blood-tinged fluid exuded fiom the 
cut ends of the bronchi with gentle pressuie It was often present in the 
trachea It was present in the gieatest amounts m those lobes containing 
the most hemorrhage The direct impact was usually over the lower lobes 
Consequently, they were ordinarily the most seveiely involved Howevei, 
lobes exhibiting no gross evidence of trauma usually contained fluid, fie- 
quently in considerable amounts The distribution of fluid in those areas of 
both lungs which did not appear to be traumatized was patchy and irregu- 
lar, however 

Bleeding into the pleural cavity occurred in a few animals in small 
amounts Thiee animals died of hemorrhage from lacerated wounds of the 
livei (Nos 13, 16, 19 ) Small hepatic lacerations were observed frequently 
Table I reveals that arterial oxygen saturation in animals which leceived 
seveie trauma, sustained a drop which was out of propoi tion to the fall m 
hematociit A subsequent rise was then noted, even in the face of large 
accumulations of pulmonary fluid There was little change in the oxygen 
saturation following slight tiaunia The changes m the hematocrit were ir- 
legulai There was an initial drop in seven of 12 experiments This vas 
followed by a leturn to the pi e-expei iment level oi above in three of the 
seven Theie was a persistent depression m the remaining four, in all of 
uhich seveie trauma had been inflicted 
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II The ErrECT of infusion or isotonic sodium chloride on the “trau- 
matic WET lung'"’ 

Methods — Eighteen mongrel dogs weie anesthetized with intravenous 
sodium pentobarbital in doses of 30 milligrams per kilogram of body weight 
This series of experiments is divided into two groups 
In 11 experiments trauma was produced with the falling weight as in 
Series I The average degree of tiauma was, however, less than m Series I 
(Table II) Intravenous infusions of isotonic sodium chloride solution were 
then begun They were administered from an infusion flask of one liter 
through rubber tubing and a glass cannula tied m the left femoral vein The 
fluid was at room temperature m all experiments The amounts of saline 
infused and the rates of infusion were varied In experiments 59 and 60 
small infusions were given before trauma was produced 

Seven animals were administered infusions of sodium chloride in exactly 
the same manner but were not subjected to trauma 

In nine of this senes of experiments arterial blood samples were obtained 
for the determination of the arterial oxygen saturation and the hematocrit 
The first sample was drawn after anesthesia was induced, the second sample 
shortly before termination of the infusion 

Venous pressure was recorded continuously in ten of the experiments 
The measurements were made with a U-tube mercury manometer connected 
throughout the experiment into the right femoral vein, tin ough rubber tubing, 
a 2 cc syringe and an 18-gauge needle The fluid used in the system was 
isotonic sodium chloride 

The arterial blood pressure and the pulse were recorded in eight of the 
experiments The blood pressure was obtained at intervals throughout the 
experiment from the exposed right femoral artery with a 20-gauge needle 
and U-tube mercury manometer The pulse was obtained at intervals by 
direct count from the right femoral artery Only the initial and the final 
values are recorded in Table II 

The animals were sacrificed with large intravenous doses of sodium 
pentobarbital with the exception of those expiring as a result of the infusions 
(Experiments 47 and 48) At autopsy the amount of pulmonary fluid and 
the degree of trauma inflicted were recorded as described for Series I The 
degree of damage sustained by the liver, as determined by the extent of 
lacerations and the amount of blood lost into the abdominal cavity, was graded 
on the basis of 1, 2 or 3 and recorded in Table II because of the significant 
bearing it has on the results of this series of experiments 

Results — ^The results of this series of experiments are tabulated in Table 
II The difficulty with which pulmonary edema may be produced in experi- 
mental animals by intravenous infusions^®' is apparent in the control 
series of seven experiments Isotonic sodium chloride injected intravenously 
at a rate of 10 cc per kilogram of body weight per minute to a total of 558 8 
cc per kilogram produced only very slight evidence of pulmonary edema This 
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IS the equivalent of a little over 33 liters m 56 minutes for an average man 
(60 kilograms) 

The infusion of the smaller amounts of isotonic saline resulted m an 
increase in the pulmonary fluid m six of 11 traumatized animals Theie was 
in addition a difference in the distribution of the fluid as compared with 
traumatized animals receiving no infusions (Series I) It was found to be 
distributed uniformly throughout both lungs, whereas, in Senes I there was 
a patchy distiibution of fluid with localization of the severest grades of 
edema in the directly traumatized lobes 

The quantitative differences in the amount of pulmonaiy fluid in Senes I 
and in the traumatized animals m Senes II are not adequately described by 
figures Comparable thoracic trauma resulted in small amounts of pulmonary 
fluid in Series I Intravenous infusions of isotonic saline m amounts and at 
rates of injection which routinely are associated with no edema in normal 
animals produced diffuse collections of pulmonary fluid in six of the 11 trau- 
matized animals of Series II It was present in such amounts that it exuded 
from the cut ends of the bronchi for a matter of minutes with only the intrinsic 
pressure of the lung These lungs tended to maintain their expanded shapes 
with a jelly-like consistency In the remaining five experiments smaller 
amounts of pulmonary fluid were found at autopsy for reasons given in 
detail below 

The accumulation of fluid was less marked in three animals of this series 
which received severe thoracic trauma (Nos 52, 59, 87) Two of these ani- 
mals (52 and 59) sustained lacerations of the liver which allowed considerable 
quantities of blood to escape into the abdominal cavity Another (animal 87) 
sustained a severe laceration of the right upper lobe which extended througli 
Its entire thickness with the escape of considerable quantities of blood into 
both pleural cavities Luisada^^ has commented on the prevention of pulmonary 
edema by simultaneous bleeding in animals receiving rapid mtiacarotid infu- 
sions Two other animals (89 and 114) sustained very slight thoracic trauma 
Their lungs also contained very little fluid The extent of pulmonary edema 
which followed saline infusion was therefore proportional to the extent of 
trauma to the lungs 

The changes in the peripheral vasculai dynamics and the hematocrit which 
we have noted m these experiments have been essentially the same as those 
dscnbed by other investigators studying intravenous infusions 
The arterial blood pressure increased initially then steadily declined to below 
pre-infusion levels The pulse was uniformly fast following pentobarbital 
anesthesia and showed an inconstant rise with infusion The venous pressure 
rose steadily Hemodilution occuired routinely 

The venous pressures, the arterial blood pressures, the pulse rates and the 
hematocrits for the two groups aie not significantly different The final values 
for arterial oxygen saturation relative to the hematocrit are somewhat lot\er 
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m the traumatized animals than the control gi oup This can be explained on 
the basis of the increase in pulmonaiy fluid m the traumatized gioup 

The hearts of the animals m these experiments were found to be slightly 
but uniformly dilated This has been noted by other obsei vers studying massive 
infusions An exception occuired in the instance of experiment 47 in 
which the animal expiied after leceivmg a relatively small amount of saline 
This animal’s heart was markedly dilated and there was no pulmonary edema 

Diarrhea occasionally occuried during the course of the infusions Buccal 
and nasal secietions often became excessive At autopsy all hollow abdominal 
organs were distended with fluid Ascites was present in varying amounts 
These findings are essentially as described m other observations on intia- 
venous infusions 

III The effect of anoxia on the ‘‘Traumatic Wet Lung” 

Methods — Seventeen mongrel dogs were anesthetized slowly with intia- 
venous sodium pentobarbital m doses sufficient to produce only the lightei 
planes of anesthesia 

The animals were connected to a continuous spirometer circuit by means of 
a tight fitting rubber mask with an inflated cuff A 100-liter bell spiiometer 
served as the reservoir Mercuiy-seal valves weie used m the circuit A soda- 
lime cannister removed carbon dioxide All connections were of rubber tubing 
of large size 

The amount of oxygen in the inspii ed air was lowered initially by mixing 
nitrogen with room air in the spirometer In five experiments the per cent 
of oxygen was kept at appi oximately a constant level by slowly adding tank 
oxygen to the spii ometer air Single average values for the per cent of oxygen 
are recorded in those experiments (Table III) In the remaining 12 experi- 
ments no attempt was made to replace the oxygen utilized by the animal Two 
values are recorded for the per cent of oxygen These represent the initial 
and final values 

Determinations of oxygen in the mixtures were made on 10 cc samples of 
gas withdrawn from the circuit through small rubber tubing The determina- 
tions were made in a small modified Haldane apparatus Oxygen was removed 
fiom the samples by repeated contact with pyrogallol over a wide surface area 
The values leported represent the average of several samples Repeated tests 
on loom air revealed the accuracy of the method to be wuthin a fraction of 
one per cent 

Arterial blood samples weie obtained foi the deteimmation of arteiial 
oxygen saturation and liematociit in six expeiiments of this group The first 
sample w^as diawn after anesthesia vvas induced, the second sample duiing the 
course of the experiment as indicated in Table III 

In addition to the proceduies outlined above, eight of the animals w'ere 
given infusions of isotonic sodium chloiide solution through the left femoral 
vein The rates of infusion and the amounts of saline administered are 
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lecorded in Table III The venous pressure was recorded continuously in five 
of the eight experiments by means of a mercury manometer connected to the 
right femoral vein The initial figure recorded in Table III refers to the venous 
pressure before the experimental procedure was begun The second figure indi- 
cates the venous pressure shortly before the death of the animals 

All of the 17 experiments m this series resulted m the death of the animals 
At autopsy the thoracic and the abdominal organs were examined 

Results — ^The data from this series of experiments are tabulated in 
Table III Intravenous infusions of isotonic sodium chloride decreased the 
survival time of eight hypoxic animals by more than 50 per cent as compared 
with the nine hypoxic animals receiving no fluid 

At autopsy the lungs of those animals expiring as the result of hypoxia 
alone were moderately congested in appearance, but exhibited no pulmonary 
fluid The hearts were of normal size On the othei hand, the lungs of five 
of the eight animals expiring as the result of hypoxia plus intravenous infu- 
sions exhibited severe congestion and large amounts of fluid The appearance 
of these lungs was comparable to that described m Senes II for traumatized 
animals receiving intravenous infusions Moderate cardiac dilatation was 
present 

The average per cent of oxygen in the inspired air was 13 1 per cent foi 
those animals receiving infusions as compared to 1 1 4 per cent for those which 
received none The average rates of infusion and total amounts of fluid 
injected per kilogram are considerably below those foi control animals of 
Series II (Table II) which received infusions but breathed room air 

In three experiments the animals died after relatively small infusions of 
saline (experiments 36, 37 and 41 ) At autopsy there was considerable cardiac 
dilatation, but no pulmonary fluid This picture in animals receiving intia- 
venous infusions has been noted previously 

Examination of the values foi aiterial oxygen saturation reveals little 
difference between the two gi oups m this sei les of expei iments, in spite of the 
large amounts of fluid observed in the lungs of five of the eight hypoxic ani- 
mals receiving infusions Determinations of the pressure changes m the rubbei 
mask during respiration revealed changes no greater than one centimeter of 
water Increasing dyspnea terminating in respiratory failure was noted in 
nearly all of these experiments The changes in the venous pressure and the 
hematocrit in these experiments weie similai to those observed with infusions 
m Series II 

DISCUSSION 

Traumatic wet lung has been reproduced experimentally in mongrel 
dogs by both blunt trauma and tangential bullet wounds of the thoracic cage 
(Table I) The pathologic picture has been found to consist of 

1 The extravasation of blood in the lung 

2 The transudation of fluid into the interstitial spaces and the 
alveoli and bronchi 
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The greatest degrees of pulmonaijr wetness were found m the areas of 
greatest hemorrhage m the ti aumatized lungs However, fluid ^\as often pies- 
ent in significant amounts m grossly unti aumatized areas of the lungs The 
total amount of fluid in the an passages varied diiectly with the degree of 
trauma inflicted 

Intravenous infusions of isotonic sodium chloride in amounts and at rates 
of injection which have little effect on the lungs of normal animals intensified 
the “wetness” of the slightly traumatized lung (Table II) Geneiahzed pul- 
monary edema resulted The difficulty with which pulmonary edema may be 
produced by intravenous infusions in the normal animaff®- has been sub- 
stantiated in our control expeiiments (Table II) 

Drinker-”’ has stressed the role of anoxia m the development of pulmon- 
ary edema Asphyxia is known to result in a maiked increase in capillary 
permeability-- We have demonstiated pulmonaiy edema in hypoxic animals 
receiving infusions of isotonic sodium chloiide (Table III) It was com- 
parable to that observed m traumatized animals receiving similar infusions 
Wet lungs could not be produced by the bieathing of low concentrations of 
oxygen alone, however 

There is the possibility that severe grades of anoxia may exist m hemor- 
rhagic areas of the traumatized lung on the basis of the blocking of air passages 
with blood and serum Examination of the changes in aiterial oxygen satura- 
tion in Series I reveals, however, that after an initial depression the saturation 
inci eased, even m the face of considerable “pulmonary wetness” Similarly, 
m Series II the depressions in arterial oxygen saturation were of appioxi- 
mately the same magnitude for the control animals with no pulmonary edema 
and the experimental animals with severe edema Therefore, we feel that 
anoxia will not suffice to explain the wetness in giossly untraumatized aieas 
of the lung following thoracic trauma 

There is an alternative explanation for the occurrence of pulmonary edema 
m areas of pulmonary hemorrhage Harper and Tait^ have called attention 
to the irritating effects of dispersed blood on the pulmonary tissue with the 
resulting transudation, and secretion of fluid This cannot explain the forma- 
tion of edema fluid, however, in those areas of the lungs in which no evidence 
of trauma was found 

Inspiratory resistance^”’ “ and dyspnea”^ are known to contribute to the 
formation of pulmonary transudates Neither was piesent to a significant 
extent in our experiments on traumatized animals On the other hand, incieas- 
ing dyspnea occurred in all the experiments on hypoxic animals and may have 
played a part in the development of pulmonary edema following the infusion 
of saline 

There are changes which result from intravenous infusions which aie 
important factors in pulmonary transudation The pulmonary venous pressure 
has been found to increase It has been said to rise more rapidly and 

lo greater heights than the peripheral venous pressure The increased peri- 
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pheral venous pressuie which developed m oui experiments would indicate 
consideiably elevated pressuies within the pulmonaiy veins Hemodilution 
occuis loutinely^®’ as leflected in decreasing hematociits in our expeii- 

ments These changes undoubtedly contiibuted to the intensification of the 
pulmonary edema which we observed m traumatized and hypoxic animals 
1 eceiving infusions of isotonic saline They ai e, however, similai for both the 
contiol and the experimental animals 

The occurience of geneiahzed wet lung following localized pulmonary 
trauma cannot be completely explained on the basis of the data obtained in 
the expel iments reported m this paper. 

SUMMARY 

1 “Traumatic wet lung” has been pioduced experimentally in mongrel 
dogs by blunt tiauma and tangential bullet wounds of the thoracic cage 

2 Infusions of isotonic sodium chloiide m amounts which have little effect 
on the lungs of normal animals have been found to intensify the pulmonaiy 
wetness which follows experimental thoiacic tiauma 

3 “Wet lung” has also been pioduced in dogs breathing low concentrations 
of oxygen by the infusion of isotonic sodium chlonde solution but was not 
produced by hypoxia alone 

4 Studies of the arterial oxygen saturations, hematocrits, penpheral 
venous pressures, penpheral arterial blood pressures and the pulse lates in 
these expei iments have not revealed variations of enough significance to 
explain the occurrence of generalized wet lung associated with localized areas 
of pulmonary injury 

II Neurogenic Factor 

William R. Cate, Jr , M D , and Rollin A Daniel, Jr , M D 

In Part I of this paper we desciibed the expei imental production of 
tiaumatic wet lung m dogs Intravenous infusions of isotonic sodium chloride 
solution weie found to intensify the pulmonary wetness which follows tho- 
racic trauma The result was a generalized collection of pulmonary fluid 
The outpouiing of fluid was just as intense in aieas of the lung fields in 
which theie was no demonstiable evidence of pulmonaiy damage as m the 
lobes m which there was gross evidence of trauma We were unable to 
explain these findings on the basis of the data which we had obtained 

The cause of acute pulmonary edema has been the subject of controversy 
for many yeais Welclrt^ believed that left ventiicular failure causes the 
syndiome There is a considerable body of hteiatuie concerning the occur- 
rence clinically of pulmonarj^ edema accompanying distui bailees in the central 
nervous system This picture, in the absence of heart disease, has not 
been satisfactoi ily explained It has been suggested, by numerous observers, 
that pulmonary edema is dependent in certain instances upon lefiex changes 
affecting the pulmonai y vessels Recently Luisada^"^’ and Farbei have 

rived at this conclusion as the result of animal experimentation The latter 
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believes that the pulmonary edema which occurs m the rabbit and guinea pig 
following bilateial cervical vagotomy is similar to that which occurs in man 
following lesions of the central nervous system He believes it is produced 
by an alteration m the vasoniotoi control of the pulmonary vessels, and 
terms the syndrome “neuropathic pulmonaiy edema ” 

More recently, Reichsman-’ has reviewed the subject of pulmonary edema 
which follows bilateral cervical vagotomy m experimental animals and has 
performed a large numbei of well controlled experiments upon rats He 
concludes that the important factor m the pulmonary edema produced in 
this manner is inspiratory obstruction 

Luisada and Sarnoff^'* performed unilateral stellate ganghonectomy upon 
three dogs and bilateral stellate ganghonectomy upon one dog They believed 
that this procedure offered some protection against pulmonary edema pro- 
duced by the rapid intracartoid mtusion of large amounts of isotonic saline 
solution 

Henneman'^*^ has recently leviewed the literature on the subject of acute 
pulmonary edema 

We have conducted a number of experiments designed to determine the 
effect of unilateral and bilateral stellate ganghonectomy and dorsal sympa- 
thectomy upon experimental wet lung, particularly as produced by trauma and 
the intravenous infusion of saline 


METHODS 

Mongrel dogs of various weights and undetermined ages were used m 
all experiments All animals were anesthetized with sodium pentobarbital, 
30 milligrams per kilogram of body weight, administered intravenously 

Two methods of producing “wet lung” were used 

1 Thoracic trauma, produced by a falling weight, followed by the intra- 
venous infusion of isotonic sodium chloride solution as was described m our 
previous paper 

2 Bilateral cervical vagotomy followed by the intravenous infusion of 
isotonic saline as was described by Farber in the rabbit 

Sympathectomy was performed in all animals under aseptic conditions 
An antero-lateral incision was made through the second, third or fourth 
intercostal space The stellate ganglion and the second, third and fourth 
thoracic ganglia were removed intact with the chain The lung was re- 
mflated and the wound of the chest wall was closed in layers with interrupted 
fine silk sutures 50,000 units of penicillin in solution were placed in the 
pleural cavity of most of these animals before closure of the wound In the 
early experiments m which bilateral sympathectomy was performed, the 
operation was carried out m stages, five to seven days elapsing between 
operations In the later experiments bilateral sympathectomy was performed 
m a single operation thiough separate incisions 

In most of the experiments a period of one week or more elapsed between 
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the time of sympathectomy and the experimental procedure. This was thought 
to be desiiable in order to eliminate factors caused by operative tiauma and 
altered pulmonary dynamics which might predispose to pulmonary edema 

At autopsy light adhesions between the superior lobes and the line of 
incision in the paiietal pleura were found in some animals In most animals 
no adhesions or fluid were present and there was no othei evidence of pre- 
vious pulmonary damage. 

All unilateral sympathectomies were performed on the right side The 
term “dorsal sympathectomy” will be used throughout this paper to indicate 
the operation described 

The arterial blood pressuie was obtained at intervals throughout all 
experiments from the exposed right femoral artery, with a U-tube mercuiy 
manometer and a 20-gauge needle The fluid used m the system was isotonic 
saline The pulse late was also recorded at frequent intervals throughout the 
experiments 

All infusions consisted of isotonic sodium chloride solution administered 
through glass canulae into the femoral vein 

RESULTS 

In our previous papei we called attention to the association in a few 
animals of cardio-vascular failure during infusion with the absence of pulmo- 
nary edema We have omitted the experiments of this paper m which such 
an association was noted They comprise ten or 16 7 per cent of the total 

Five of 11 animals with bilateial dorsal sympathectomy expired duimg 
infusion (45 4 per cent) Only two of 12 animals with unilateral dorsal 
sympathectomy succumbed (16 7 per cent) The greatei mortality rate among 
the dogs with bilateral sympathectomy may have been caused by postoperative 
debilitation of the animals. 

A The Ejfects of Ttamna and of Infusion of Isotonic Saline Upon the 
Lungs of Animals Pievwusly Subjected to Doisal Sympathectomy 

Nine dogs in which previous dorsal sympathectomy had been performed 
were subjected to blunt thoracic trauma followed, within ten minutes, by 
intravenous infusions of isotonic sodium chloiide solution The results are 
recorded m Table I 

In five animals sympathectomy was bilateial and in four unilateral The 
longest time interval between operation and the experimental procedure was 
21 days, the shortest seven days 

Only one animal in the entiie group of nine developed diffuse pulmonary 
edema Bilateral sympathectomy had been performed seven days prior to the 
experiment (Dog No 228b) 

These lesults are to be compared with the collection of large amounts of 
pulmonary fluid in six of 11 animals similarly treated but without the benefit 
of a doi sal sympathectomy ( Sei les II of our previous paper) The difference 
is even more apparent when we recall that three of the five animals of the 
latter group not developing excessive amounts of pulmonary fluid had 
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Reading No 1 was taken before i-^ginning the experiment 
Reading No 2 was taken just before the death of the animal 
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suffeied majoi hemonhage and that the remaining two leceived insignificant 
tiauma We know that piotection is afforded against the development of 
pulinonaiy edema by simultaneous blood loss in animals leceivmg rapid mtia- 
venous infusions None of the sympathectomized animals included in this 
senes sustained similar hemonhage 

No difteience could be noted m the animals m which bilateial dorsal 
sympathectomy had been performed and those which had had unilateral 
(light) sympathectomy, with the exception of dog No 228b) Autopsy 
examination of the lungs of animal No 228b revealed large amounts of frothy 
blood tinged fluid m all the bronchi In the lemaining eight animals small 
amounts of fluid weie found only in those areas of the lung fields exhibiting 
evidence of trauma 

B The Effect of Dorsal Sympathectomy on the Occurrence of Pulmonaiy 
Edema Following Bilateial Cei‘vical Vagotomy 

The controversy concerning the effect of bilateral cervical vagotomy in 
the labbit, guinea pig and rat has been referred to above Farber has used 
bilateral cervical vagotomy followed by intravenous infusions of isotonic 
saline as a method for the rapid production of pulmonary edema in the 
rabbit 

We have repeated this proceduie in 15 dogs The lesults are recorded 
m Table 11 In all of these experiments a large rubber tube was placed m 
the trachea to a level well below the larynx We could note no evidence of 
respiratory obstruction m any of these animals Most of them breathed more 
quietly than normal animals receiving similar infusions A peculiar jerking 
type of respiration was occasionally noted with no correlation with the 
presence or absence of edema A similar type of respiration was noted m 
other animals without vagotomy 

Wide-spread collections of frothy blood-tinged fluid developed in the 
lungs of eight animals In six of the eight, the amounts of fluid were so great 
that considerable quantities were expelled from the tracheal tubes before the 
animals were sacrificed In one (No 73) there was a moderate diffuse 
pulmonary edema In six animals the lungs remained dry and were normal 
in appearance at autopsy 

We felt in the eaily experiments that the time interval between vagotomy 
and infusion might be of importance Five of the first seven animals developed 
wide-spiead edema The two not developing edema in large amounts (No 
73, 74) were infused much sooner after vagotomy than the remainder 
Howevei, there is no con elation between the time inteival and the presence 
01 absence of edema m the next eight experiments, in only three of which 
ivet lung developed 

The procedure of bilateral ceivical vagotomy plus jsotoivc saline infu- 
sions was also carried out in nine dogs witli previous doisal sympathectom}" 
These experiments are recorded in Table III Bilateral sympathectomy had 
been performed in two animals and unilateral sympathectomy in seven 
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Three animals developed a significant amount oi pulmonary fluid (Nos 
78, 79 and 145) In two of these animals the experimental procedure was 
begun within an houi aftei unilateral sympathectomy was pertormed (Nos 
78 and 79) In the remaining seven experiments an mteival of from five to 
21 days elapsed between sympathectomy and the attempt to produce wet 
lung Only one animal in the latter group developed wide-spread pulmo- 
nary edema 

Examination of Tables II and III reveals that there are no significant 
variations m the peripheral blood pressures or pulse rates, rates of infusion 
01 total amounts of fluid infused which can be correlated with the presence 
or absence of edema m these animals, eitnei with or without sympathectomy 
However, the time interval between sympathectomy and the experimental 
procedure appeared to be significant 

C The Effect of Infusions of Isotonic Sodium Chloiide Solution JVithm 
45 Minutes After Unilateial Doisal Sympathectomy 

In the preceding experiments we have noted a deci eased incidence of 
wet lungs in dogs with dorsal sympathectomy, either bilateral or unilateral, 
performed five to 21 days before the experimental procedures Tins was not 
true in two instances (Nos 78 and 79, Table III) in which unilateral doisal 
sympathectomy was performed within 60 minutes of the experimental pro- 
cedure Furthermore, pulmonary edema of slight to moderate seventy w'as 
observed at the autopsy of three of ten animals expiring within 24 hours after 
dorsal sympathectomy 

The group of experiments summarized in Table IV includes seven mongiel 
dogs Infusions of isotonic sodium chloride w^eie administered to five of the 
animals within 45 minutes after unilateial dorsal sympathectomy Pulmonary 
edema developed in three of the five, the quantity of pulmonary fluid varying 
from slight to excessive Two more animals w'ere treated in the same 
manner with the exception that the sympathetic chain was left undisturbed 
These animals were given large amounts of saline They developed no pulmo- 
nary edema 

DISCUSSION 

“Traumatic wet lung” has been demonstrated experimentally m dogs 
(See Part I ) Anoxia and the irritating effects of dispersed blood were 
offered as explanations for the occurience of edema in areas of the lungs 
which exhibited evidences of trauma We were unable to explain the frequent 
occurrence of pulmonary wetness in grossly untraumatized areas of the 
lung fields or its diffuse distribution ivhen infusions of isotonic sodium 
chloride were administered following thoracic trauma 

Rapid improvement often followed the use of intercostal or paravertebral 
nerve block in the treatment of traumatic wet lung among the wounded of 
World War II Brewer and others^ have suggested that reflexes responsible 
for the syndrome were blocked by this procedure The beneficial effects of 
nerve block are certainly due in part to the relief of pain 
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Detakats^^ has observed reflex bioncho-constnction following expeii- 
mental blunt trauma to the thoiacic cage Burfoid and Burbank^ felt that 
broncho-constriction of similar oiigm might be of importance in traumatic 
wet lung 

Pulmonary edema has been obseived following central nervous sys- 
tem disturbances of many types m tbe absence of significant cardiac dis- 
ease It has also been observed experimentally following bilateral 

cervical vagotomy 

Farber^^> using rabbits and guinea pigs leached the conclusion that 
the pulmonary edema which follows bilateral cervical vagotomy is due to 
leflex alterations in the pulmonary vessels Reichsman-^ working with rats 
concluded that inspiratory obstruction was the primaiy factor 

The presence of a vasomotor control of the pulmonary vessels is a con 
troversial subject, whereas the reactions of the bionchial musculature are well 
established^®’'*^ Daly®® believes that vasoconsti ictor fibeis are distributed to 
the pulmonary and bronchial vessels thiough branches of the vagi as well as 
the sympathetic neives in the dog Hamilton and his co-workers®" feel that 
the vasomotor control of the pulmonaiy arteiioles is a feeble mechanism 
A consensus of opinion is that such a control does exist, but that it is of less 
importance than the systemic vasomotoi mechanism 

Karsnei ®® has described nerve fibrillae in the pulmonai y artery of the dog 
Larsell®® has desci ibed the innervation of the human pulmonary and bi onchial 
arteries and capillaries which he states is apparently of post-ganghonic sympa- 
thetic fibers 

The sympathetic supply to the lungs arises fiom Ti to T 4 or T 5 and is 
distributed to the lungs through the inferior cervical and the coi responding 
dorsal ganglia ®® It is bilateral in distribution ®® 

In this paper we have reported a number of experiments on the effects 
of unilateral and bilateral dorsal sympathectomy Dorsal sympathectomy 
refers to the removal of the mfeiior cervical and the first four dorsal sympa 
tlietic ganglia with the intervening chain 

Two methods of producing “wet lung” have been used,*^ Blunt thoiacic 
trauma followed by infusions of isotonic sodium chloride as described in oui 
previous paper - Bilateral cervical vagotomj'^ followed by infusions of 
isotonic sodium chloride as described by Farber 

Whereas wet lung can be produced with regularity by blunt trauma to the 
thorax followed b)^ intravenous saline infusions, significant wide-spreacl col- 
lections of pulmonary fluid developed in only one of nine animals subjected to 
the same procedure seven to 21 days after dorsal sympathectomy Bilateral 
sympathectomy had been performed m five of these animals, unilateral sympa- 
thectomy m four However, dorsal sympathectomy had no effect on the 
occurrence of edema in areas of the lungs which exhibited evidence of trauma 
Bilateral cervical vagotomy followed by saline infusions did not produce 
\\et lung with the same regularity as did trauma and saline infusions It 


854 



\olumo 1J7 
Number 5 


“WET LUNG” 


developed in nine of 15 animals Wc could not predict in which animals 
edema would occur On the othei hand, geneiahzed pulmonaiy edema occin- 
led in only one of seven animals in which unilateial or bilateial dorsal 
sympathectomy had been peifoimed five to 21 days piior to the same ex- 
peiimental proceduie 

The time inteival between the sympathectomy and the expeiimental pio- 
cedure employed to pioduce geneiahzed pulmonary edema was of no 
impoitance within the limits of five and 21 days When the intravenous 
infusion of saline was begun soon aftei sympathectomy, however, the removal 
of the sympathetic chain appeared to have no influence upon the occuirence 
of wet lung 

The expel imeiits repoited in this paper were designed to determine the 
impoitance of the autonomic neivous system in wet lung, particularly as it 
is 1 elated to thoiacic tiauma No attempt was made to study the specific 
changes m physiology which weie opeiating othei than observations on the 
peiipheial arteiial blood piessuie and the pulse late 

We believe that a leflex mechanism does exist which plays an important 
lole in geneiahzed wet lung which follows thoracic tiauma In the dog, the 
lemoval of a laige poition of the sympathetic nerve supply to the lungs tends 
to pi event diffuse pulmonaiy edema pioduced by the methods which we have 
desciibed Whether these leflexes hare then gieatest effect upon the pulmo- 
naiy blood vessels or the bionchi and bionchioles, we do not know 

SUMMARY 

The effects on expeiimental “wet lung” of excision of laige poitions of 
the pulmonary sympathetic supply have been studied in the dog The lesulls 
of these experiments indicate that generalized wetness following local tiauma 
to the thoiacic cage and the lung is in pait a leflex phenomenon 
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Discussion — Dr James M Mason III, Birmingham, Alabama Doctor Daniel’s 
paper was excellent I have nothing to add to his experimental work on the problem of 
“wet lung ” From the practical standpoint, however, I wish to say a few words During 
the war we encountered wet lung very frequently in chest injuries and in other types of 
wounds We see it in civilian lite in traumatic and elective surgical cases The simple 
procedure of intercostal nerve block with novocaine is very helpful When considerable 
fluid IS being poured out into the bronchial tree, bronchoscopy or tracheal catheterization 
with suction will prove helpful In this condition the judicious use of the bronchoscope 
has saved many lives 
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ST LOUIS MISSOURI 

Paralysis of the seventh nerve presents one of the most difficult proli- 
lems, and procedures m plastic surger}^ for such patients aie considered when 
there is thought to be no chance of nerve recovery oi of nei ve operation It also 
may be useful to support the face during a waiting period m the process of nerve 
lecovery oi of neui o-surgical work 

It is best to lealize from the start that a lathei ciude substitution is about 
all that can be done The finely kinetic actions of the muscles of the face, sup- 
phed by the seventh neive, such as the gentle appioximation of the eyelid to 
the globe — awake oi asleep — and the delicate movements of emotional expres- 
sion, hardly can be expected to be noimally lestored by the substitution of a 
few points of suspension with fascial loops or muscle flaps And so — as in much 
of plastic suigeiy where missing parts have to be supplied — a substitution has 
to be made 

Most patients have been so distraught with then plight, but are so coopera- 
tive and appreciative that it is necessai}'’ to stiive for the piocedure which will 
produce the most effective substitution 

The use of fresh autogenous strips of fascia lata, continues to be one of the 
basic methods of support, although thei e ai e several other procedures for sup- 
porting the face with various degi ees of efficacy being obtainable These strips 
are anchored in the temporal (fifth neive) muscle and fascia and looped dovn 
through the face in two or more levels The bulk of the face is elevated to an 
overcorrected position and the loops are anchoied secuiely The utilization of 
the temporal muscle and its fascia and stiips of fascia lata has been leported 
elsewhere,^ and at this time additional findings and points worthy of emphasis 
are recorded 

Time for operation, is important and paiadoxically it is before much sagging 
of the face has occurred It is usually not done m eaily childhood, but it prob- 
ably could be done then One boy we saw with double congenital paralysis 
seemed an ideal type to try to help, but so far the parents haven’t agieed This 
IS such a striking deformity that almost any improvement would be acceptable 
We have done patients after 40 years of paralysis but these are apt to be the 
most difficult because of the long standing soft tissue sag and redundancy In 
these patients, the mouth and Iip and nasal level can be elevated, but the excess 
tissue falls over like a tent or an awning Heavy thick or edematous faces are 
not helped greatly by this procedure, that is if the face can’t be pulled into a 
satisfactory position before operation, then the fascial strips can’t be relied on 
to do it either 

* Read before the Southern Surgical Association at Hollywood Beach, Florida, 
December 9, 1947 
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Excision of excess skin, can be done, piefeiably befoie oi aftei the fascial 
tiansplant opcialion Wide iindcimining and tension is necessaiy, and it is 
usually thought best not to add this to the tiansplantation as there is the neces- 
sity of him healing ovei the fascial loops in the tempoial legion Suturing of 
the fascial loops is possibly best done with fine wiie, though cotton or silk 
ma} suffice 



Fig 1 — Shows course of fascul loops through face to 
upper lip, angle of mouth, and lower hp These are anchored 
in the temporal muscle and fascia The loop through ^e lower 
lid is anchored in the opposite frontalis region and in the 
temporal fascia, not in the temporal muscle 

Impiovement m comfort of the eye is one of the main objectives This is 
obtained by (1) the elevation of the tissues with the large loops in the face 
Patients even may be able to close the eye from this element alone (2) An 
external cantlioplasty of 4-5 millimeteis is usually productive of increased com- 
fort and improved appeal ance The extia sclera that nearly always shows up 
IS hidden quite well by this proceduie The appi oximation of the lids is done 
along the tarsal border so that the lashes remain and there is not too much 
evidence of the partial closure, without close scrutiny (3) A separate loop of 
fascia can be anchoied m the tempoial fascia on the outside, carried through 
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the lid, and fastened in the opposite frontalis muscle This is a pretty fine 
adjustment to make in such a gross manner and it is not relied on if it is thought 
that the general elevation and the canthoplasty will suffice The fascia is apt to 
form a little ridge as it goes across the side of the nose, but this is not too objec- 
tionable (4) A flap of opposite frontalis fascia or muscle, or both, can be 
brought down and an attempt made to tighten the lid sag with it , or the flap 
may come from the temporal region (5) The production of a Horner’s syn- 
drome IS mentioned but has not been relied on by us It would seem contraindi- 
cated if there was marked sagging of the brow Closure of the eye is improved 
m most patients, and even though it is not complete in sleep, they nearly all have 



A B 

Fig 2 — A B Complete paralysis elevated with fascial loops The eye can practically 
close from the 2 major loops alone B, C, D and F are 6 mo after A and E 


good Bell’s signs (of rotating the eyeball up on closure), so that the cornea is 
1 arely exposed Some patients are able to keep the eye fairly well closed even 
in sleep 

A nasolabial fold is important for balance of the face — absence of it, and 
droop of the upper lip is perhaps the most noticeable feature of seventh nerve 
paralysis, when the face is in repose on the opposite side It is important to 
tiy to reproduce a semblance of this fold and it comes in by adequate elevation 
of the angle of the mouth, at operation this area is so overcorrected that tlie 
face is distorted 

Movement of the paralysed side is possible by pull of the temporal muscle 
but not too much is desirable because of its being noted too much on eating 
But this movement is advantageous, and with a little effort many patients can 
substitute it for a little emotional expression A smile can be simulated by the 
above action, and along with a nasolabial fold, these probably give the patient 
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C D 

Fig 2 C D — If not much activity or emotion is expressed on the sound side the 

symmetiy is close to normal 


his most noimal appeal ance Impioved eating is neaily always obtained by the 
supported cheek holding food better duimg mastication 

Training of the opposite noimal side is very mipoitant, and the patient who 
can control the degree of his emotional expression in laughing and m conver- 
sation, even though he has to be a little glum, will help the surgical result materi- 



Fig 2 — E & F Six months after fascial transplantation The profile is 
improved by the elevation of the fascial loops 
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ally The training is usually easy and is earned out by the patient himself with 
the aid of niiiror exeicises 

Partial facial paialysis may be inipioved by adding fascial suppoit, but 
nothing should be done to interfeie with any “tone’ of the facial muscles that 
might be getting m thiough any neive channel Even an unsuccessful neive 
operation or anastomosis should not be taken down or interfered with if any 
‘tone” at all is being supplied The grimaces that may lesult fiom anastomosis 
and the mass movements that may occur following neive suture, may possiblv 
he impioved by fascial support, and tiaimng 

The needles for threading the fascia through the face should be as simple 
as possible Complicated Reverdm or locking types are cumbei some and un- 
necessary The simple types shown here are rigid pieces of steel mounted on 

handles with slotted eyes in the 
pointed ends One is for the face 
loops and one to go around the eye 
— through the lid These were made 

Fig 3 —Simple needles, slotted at the originally for one of us by Dr Rich- 

pomt used for the long loops thru the ^^^d Douglas Satindeis The heavy 

face, and for the loop thru the eyelid 

facia needle to carry the loops 
through the temporal muscle can be improved by enlarging the eye with 
a file Pressure dressings using cotton mechanics waste aie always relied on, 
and the face is supported with adhesive for two to three weeks 

The diooped eyebrow can be improved by elevation and excision of tissue 
up in the hair line, or a separate loop of fascia may be tried, anchored high 
enough 

Secondaiy Adjustments are done as necessaiy and include adjustment of 
the loops, and excision of excess skin above in the haii region Very rarely is 
any excision of skin done in the face, but in long-standing instances and wdiere 
the face falls over the fascial strips like an awming, some adjustment may be 
necessary in the nasolabial region or close to the angle of the mouth 

Complications are mainly as listed in adjustments, but as in all plastic sur- 
gery — infection is the main complication So much depends on the healing of 
these wounds and so slight an infection militates against a desired result that 
every effort should be taken to pi event contamination and infection 

Results are far from what we would like for these patients, but as illustrated 
b}^ the following they may be worth while Her eye can close , in repose she 
looks about normal , she has a slight smile , and by training to avoid over-action 
of the sound side, she gets by with many persons who see her. not realizing 
that her face is paralyzed 
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PRESERVATION AND RESTORATION OF MANDIBULAR 
FUNCTION AND CONTOUR* 

Louis T Byaes, M D 
St Louis, Mo 

FROM TUF PEPARTMFNT OF SURGFR\, DIMSION OF PLASTIC SURGER'i, 

\\ \S!MN<',iON LM\ERSir\ SCHOOL OF MEDICINE 

iMakdibular ruNCTiox \ND CONTOUR are often jeopardized by opera- 
tions, trauma oi infection Immediate measiiies for preservation of function 
may suffice or be supplemented uitb secondaiy lepair^ 

LIMIT mON or MOUTH OPENING 

Trismus is a temporary melasticit} of the soft tissues between the jaws 
resulting from inflammation Peimanent hxation may be the result of se-veral 
factors and may be classified as tiue oi false ankylosis, depending upon 
whether or not the temporomandibular joints aie m\olved An accurate 
diagnosis of the cause is essential 

Surgery, trauma oi infection in the neighborhood of the temporomandi- 
bular joints may result m either bony or fibrous obliteration of the joint 
(Figs 1 and 2) Frequent!} the causatne trauma is extensive and in 
addition to joint obliteration the coronoid process may be anchored to the 
zygoma In such conditions adequate resection of the joint area, including 
the coronoid process if necessary, will give relief More dependence should 
be placed on the adequate renlo^ al of bone at the site of the resection than on 
the application of some substance between the resected ends All bone form- 
ing detritus must be removed 

This resection is commonly done from m front of the ear, reflecting the 
parotid gland and facial nerve forwaid and downward and elevating these 
structures outward from the bone In certain simpler conditions it may be 
done from within the mouth The most difficult ankylosis, represented by a 
broad, thick mass of bone and a short ramus, had best be approached from the 
neck, elevating all soft tissues, including the facial nerve and parotid gland, 
from the ramus of the mandible, beginning the resection on the ramus above 
the angle and wmrkmg upward to include the condyle and coronoid process 
(Fig 1) Such a resection causes very little dysfunction except to diminish 
the power of the bite and does not disturb dental occlusion, as does removal 
of the body of the mandible 

False ankjdosis often follows depletion of the soft tissues connecting the 
jaws Loss of mucosa, the full thickness of the cheek, or the skin of the cheek, 
if m large amounts, wall have this effect The removal of superficial lesions 
of cheek mucosa may be followed immediately or later by replacement with 
split thickness skin grafts Deeper losses may require replacement with a 
pedicle flap 

■‘■Read before the Fifty-ninth Annual Session of the Southern Surgical Association 
December 9-11, 1947, Hollywood, Florida 
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Fig 1 — ^Ankylosis of 30 years’ duration from infection in childhood A Note 
underdevelopment and asymmetry of mandible Previous operations done elsewhere 
had failed because of reformation of bone at the site of the resection Complete 
removal of the short, thickened ramus from angle up to the base of the skull on the 
affected side gave good mouth opening The normal joint, though not used for 30 
years, rapidly regained function B Note improvement of contour by overlaying 
mandible with implants of cartdagc 

A B 



Fig 2 — A Partial ankylosis and paralysis of lower branch of facial nerve, from 
infection in infancy B Correction of ankylosis by resection of temporomandibular 
joint by a direct approach from in front of the ear, resecting an adequate amount 
of bone to prevent re-ankylosis 
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Subsuiface scan mg m the legion of scant clearance between the coro- 
noid piocess and zygomatic arch may cause him fixation m a closed position 
Adequate lesection of the coionoid process fioni within the nioutli to lelease 
one point of scar anchoiage will give relief Depiessed fiactures of the 
zygomatic aich will pioduce impingement on the coronoid process, preventing 
mouth opening (Fig 3) 



Fig 3 — Illustrating one typical cause of limitation of mouth 
opening following fracture A fragment of bone from the 
zj'goma has been driven inward, impinging on the coronoid 
process, blocking its excursion Removal of the coronoid pro- 
cess from within the mouth gave normal mouth open ng 


SOFT TISSUE CONSIDERATIONS 

At the time of injury oi lesection all possible soft tissue must be pre- 
served (Fig 4) In treating acute injuries of the face, debridement is not 
practiced to the extent often employed m wounds of other parts of the body 
In operations for cancer large areas of soft tissues may be destro}'ed and 
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leplaced later Before a bone graft to the mandible is done, adequate cover- 
ing for the giaft must be piesent If the quality or amount of tissue is 
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Fig 4 — A Extensive loss of soft tissue and bone of the symphysis region from gun 
shot wound B Result obtained at primary repair All soft tissue possible was pre- 
served The remainmg bone fragments were held m their proper relationship by 
interdental wiring Note good contour of lower third of face as compared with 
narrowing from similar injury on patient shown in Fig 5 C Result following use 
of pedicle flap to inside and outside of mouth and successful bone graft to mandible 
Pedicle flap similar to that illustrated in Fig 6 was used 
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A 




B 

Fig 5 — A Extreme soft tissue and bone loss from gun shot injury Note narrow- 
ing of lower portion of face due to inward displacement ot remaining bone frag- 
ments B Restoration by means of added soft tissue (Fig 6) to give adequate cover- 
ing for a bone graft and restoration of mandibular continuity by the use of two 
ribs extending from angle to angle, a double thickness of nb being used at the 
symphysis Previous attempts at bone graft done elsewhere had failed because of 
inadequate soft tissue covering (Surg , Gynec , & Obst , 84 870, 1947) 
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Fig 6 — Diagram illustrating source and use of the pedicle flap for restoration 
of soft tissue loss in patient shown in Fig 5 The tip of this flap was let into the 
mouth through a submental incision to replace the constricting and inadequate scar 
tissue between the ends of the bone The center portion of the flap s\as used to line 
the labial sulcus, the pro>^imal poition supplied the evternal covering of the chin 
and submental area, and the base of the flap was returned to the neck (Snrg , Gvinc 
& Obst , 84 870, 1947 ) 


A 



B 

Fig 7 — A Original lesion was radia- 
tion necrosis of mandible and overlying 
skin of the cheek, lip, and chin Patient 
shown after removal of damaged bone 
and full thickness replacement of soft 
tissue with pedicle flap from the lower 
neck and upper chest (Fig 6) Con- 
tinuity of the bone not re-established 
B Improved contour of the mouth and 
lower face following nb bone-cartilage 
graft to restore continuity of mandible 
and support of the soft tissues of mouth 
and pharj nv and contour of face 


inadequate to covei the giaft easily 
and heal readily afterward, it jiiiist 
first be supplemented with a skin 
giaft pedicle flap, or by mobilization 
of local tissues (Figs 4, 5, 6, 7, 8) 

Frequently the loss of a section of 
mandible is followed by a failuie to 
maintain the lemaimng fragments 
111 then pioper relationship This 
permits the ends of the bone to diift 
togethei by scai tissue pull so that 
the space occupied by the original 
fi agment is no longer present Undai 
such circumstances the contracted 
scar tissue must be lemoved befoie 
a bone graft can be done In some 
instances following this pioceduie a 
pedicle flap must be inseited prioi 
to bone giafting 

MANDIBULAR RESECTION 

Removal of a section of the man- 
dible creates an immediate problem 
in management of the remaining 
fragments ^ If not held in propei 
relationship, muscle pull may dis- 
place the fragments medially and 
backwai d, narrowing the phai angeal 
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Fig 8 — X-rays of patient shown m Fig 7, mandibular restoration having been 
made with a nb and attached cartilage, the costochondral junction simulating the 
angle of the mandible The inked-in portion represents unvisualized cartilage Splint- 
ing was obtained by driving threaded bar into symphysis and impaling rib on this 
The nb symphysis junction was strengthened by applying periosteum taken from 
other ribs The cartilage end woiks in a soft tissue pocket m the region normally 
occupied by the upper ramus In this particular type of restoration ordinary methods 
of splinting are not applicable 

Table I — Appliances Adequate to Conti ol Fiagmenis of Mandible Both 

after Resection and Bone Giajt ’ 

_ _ _ 

Postal lor Fragment Edentulous 

a Aich bar or splint on mandible with posterior extension to hold posteiloi 
fragment m line 

b As in “a” except splint attached to maxilla, supplemented by intei dental 
wiring 

c Internal bar fixation (Figs 8, 9, 10, 11, 12) 

B 

Both Fragments Edentulous oi 
Teeth Not Suitable for Use 

a Open bite splint with circumfei eiitial wires (possibility of infection of 
bone graft) 

b Internal bar fixation (Figs 8, 9, 10, 11, 12) 

*’■ Many appliances suitable for control of fragments after resection are not equally 
suitable for splinting bone graft because of danger of infection 

funnel, shutting off the airway, and making swallowing botli painful and 
difficult (Fig 9) When such a patient suivives these initial hazards, the 
secondary repaii of the bony defect is needlessly complicated by the neces- 
sity of lestoring these fragments to their original relationship before the 
bone giaft can be done At the time of lesection an accurate and careful 
soft tissue closure must be made, minimizing the diag of a contracting 
wound Mandibulai resection is usually pei formed as a planned proce- 
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dure so that an adequate scheme is prepared in advance ^ Occasionally, 
however, one may be faced with a traumatic loss of bone, creating the same 
problem (Fig 4) The simplest scheme for the control of bone fragments 
is to wire the teeth of the fragments to then coiiesponding maxillary teeth 

A 



B C 

Fig 9 — A Roentgenogram of fibrosarcoma of the symphysis B and C Same 
patient following resection of symphysis area with removal of considerable soft 
tissue Symphysis resections especially jeopordize breathing because of the detach- 
ment of muscle support to the hyoid bone The internal bar has been inserted in 
the fragments and the larynx is held forward in normal position by a stainless 
steel wire passed around the hyoid bone Eventually this wire was removed The 
bar has remained in place without complication {Swg , Gvnec , & Obst , 84 870, 
1947 ) 

(Fig 14) In the edentulous patient or in children, where dental develop- 
ment IS inadequate, or in dealing with small posterior fragments, this method 
IS not available Table I indicates the mechanical possibilities which may be 
used to retain the fragments at the time of resection or as splints at the time 
of bone grafting under difficult conditions 
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INTERNAL BAR FIXATION 

A method of fixation applicable to traumatic loss of bone undei adverse 
circumstances is the insertion of a bar of tantalum or stainless steel between 
the ends of the bones, replacing the resected or lost fragment with this sub- 











Fig 10 — Mandible of an 85 year old man resected along with removal 
of large amount of soft tissue m treatment for carcinoma of alveolar 
mucosa The internal bar as shown preserves pharyngeal support during 
the immediate postoperative period and although eventually extruded or 
removed, has remained in place m similar cases, sometimes for many 
months, giving the patient maximum comfort, even though age and prog- 
nosis do not warrant restoration of mandible (Suig, Gynec , & Ohst , 

84 870, 1947 ) 

stitute^ (Figs 9, 10, 11, 12) Surprising rigidity results from this procedure, 
which may be regarded in some instances as a permanent splint for subse- 
quent bone graft (Fig 12), or in other instances merely as a temporary 
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stop-gap to carry the patient through the tiying immediate postoperative 
time and the later period of wound healing (Fig 10) Not infrequently 
mandibular resection with widespiead soft tissue destiuction is pei formed 
m cancer patients where restoiation of mandibular continuity is not contem- 

A 



B C 

Fig 11 — A X-rays of mandible of an 8 year old child showing tumor later 
diagnosed microscopically as ossifying fibroma B X-ray following subperiosteal 
resection and insertion of stainless steel bar to control remaining fragments No 
further fixation was employed and patient left the hospital healed in ten days 
C X-ray taken 28 months after operation showing strongly regenerated mandible 
and presence of origmal internal splint The patient now is in her third postoperative 
year without any evidence of trouble from the stainless steel tar X-ray evidence 
of regeneration was visible 7 weeks after the resection The face is symmetrical 
(Plast and Reconstruct Stag, 1 238, 1946) 

plated Here it is desirable to maintain function as fai as possible for the 
comfort and well being of the patient, as well as to have the remaining 
fragments eventually in as good a position as possible, even though then 
contiruiity has not been restored Internal bar fixation has been very valuable 
under these circumstances Such fixation has been maintained without diffi- 
culty for several months, in some instances, years, eventually working free 
During this period, however, the open wound has healed without contracture. 
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which would pull the lemainmg fiagments well out of position, had not such 
fixation been maintained Even though the patient s age and disease may 
not warrant complete repaii, the disability has been minimized One ex- 
tiemely difficult problem has been the replacement of half the mandible 
following resection and disaiticulation or lesection at the symphysis and high 
on the lamus, so that the posterior fiagment cannot be utilized m the attempted 
lepaii The method which we have most commonly employed has been the 
use of a rib with its attached cartilage foimmg a curve simulating the angle 
and ramus of the mandible, the iib poition lepiesentitig the body of the 
mandible (Fig 7) With this type of lepaii the cartilaginous end has been 



Fig 12 — a X-ray of lesected edentulous mandible showing stainless steel bar 
inserted at time of resection and still in place six months later, having served as a 
splint for a bone graft done three months after the resection No fixation oi 
splinting other than this was used Union is solid to palpation b Appearance of 
the patient subsequent to bone graft During the period prior to the bone graft 
and following the resection, patient was comtoi table and could eat soft foods On 
palpation the bone fragments were not held rigid but were stable and the patient 
was comfortable 

inserted m the region near the temporomandibulai joint and has woiked as 
a false joint supported by soft tissue The problem has been to get adequate 
fixation of the rib to the symphysis, inasmuch as there is no splinting of this 
fiagment other than at the symphysis All movements of talking or swallow- 
ing have a tendency to cause motion in the transplant The drilling of a 
thieaded stainless steel bar into the symphysis and the impalement of the 
lib on this bar, bent to the line of replacement, gives firm and adequate 
immediate fixation, which has been satisfactory for the suppoit of the 
implant until bony union to the symph3’-sis has occuired (Fig 8) It is 
desirable to supplement the junction of the implant with the symphysis with 
other bone-forming material because of the small amount of bone m apposition 
when the end of the iib is abutted against the symphysis 
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SUBPERIOSTEAL RESECTION 

Because resection of the mandible is a serious operation from the stand- 
point of disability, deformity, interruption of function, and difficulty of repair. 
It IS desired to call attention to the operation of subperiosteal resection ^ It 
has frequently been observed that the mandible will regenerate with sur- 

A 



B C 

Fig 13 — A Destruction of mandible from osteomyehtis Thei e was a patho- 
logical fracture and subsequent sequestration of a large segment of mandible B Be- 
ginning regeneration 2 months later C Adequate regeneration 4 months after se- 
questrectomy Similar regeneration occurs fol owing subperiosteal resection {Smg, 
Gynec, & Obst , 84 870, 1947 ) 

prising adequacy after the spontaneous sequestration of large segments follow- 
ing osteomyelitis (Fig 13) Similar regeneration will occui following sub- 
periosteal resection (Fig 11) Obviously this proceduie cannot have wide- 
spread application Rarely would it be adequate in the treatment of any of 
the malignancies Occasionally in dealing with the simpler tumors, such as 
adamantinomas, ossifying fibromas, or osteomas, which have caused extreme 
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Fig 14 — A Resection of symphysis and disarticulation of half the mandible, along 
with removal of full thickness of the cheek for carcinoma Such a wound may create 
sufficient traction in healing to displace remaining half of mandible markedly Note 
relative symmetry of normal portion of face obtained by holding remaining fragment 
of mandible in occlusion throughout healing period B Mouth opening is possible 
because of the missing mandible on the left side Such removal of soft tissue without 
replacement will greatly limit mouth opening if the mandible is intact Maximum 
function short of reconstruction has been preserved (Smg, Gynec &' Obst , 84 870, 
1947 ) 

A B 



Fig 15 — A Extreme microgenia from early childhood infection Functional im- 
provement to a marked degree is not feasible because of weakness of the bite 
However, some improvement in function and a great improvement in contour was 
gained (“B”) by (1) budding forward the mandible with cartilage implants, (2) 
supplying additional soft tissue to the chin, (3) creating skin graft lined pocket 
inside the lip, and (4) fitting wuth denture, utilizing a few' remaining teeth and 
the cartilage implant for support 
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Fig 16 — A Congenital underdevelopment of the mandible i\ith good function 
Improvement of contour sought for professional reasons B Building forward the 
mandible with cartilage implant gave much more pleasing contour 


A 


B 



Fig 17 — A Congenital maldevelopment with unpleasing facial contour B Im- 
proved by bringing forward mandibular prominence with cartilage implant and cor- 
recting unattractive nose at the same operation by nasoplasty 
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expansion of the bone, the entire thickness ot the bone must be removed in 
ordei to effect a cui e , but the periosteum is umnvolved and at least portions 
of It can be left bridging the gap between the ends If these fiagments aie 
adequately conti oiled, legeneiation will readily occur In childien especially 
the usual foims of splinting are often unsatisfactoiy, and in such cases internal 
bar fixation, counting on the bar to be permanent and to be lapidly supple- 
mented as a supporting structure by regenerating bone, is the best scheme 

MANDIBULAR CONTOUR 

In some instances of extieme undei development or maldevelopment of 
the mandible, function cannot be lestored to a normal degiee because of 

A B 







Fig 18 — A Condition similar to that illustrated in Fig 17 B Correction by 
cartilage implant to chin and nasoplasty {Swg, Gynec & Obsf , 84 65, 1947 ) 


the lack of muscular powei exercised by the closing muscles on the leinnant 
of bone present In such cases restoration of contour with good appearance 
of the patient is most impoitant In the extreme cases, not only must the solid 
prominence of the mandible be extended fuiwaid, but loom for a dentuie 
to supplement the mandible still fmther must be created (Fig 15) The 
fiist consideration involves the use of a cartilage or bone graft to the promi- 
nence of the mandible oi to the flattened side, if asymmetry is piesent, to give 
as much prominence as possible (Fig 1) In extreme cases soft tissue in 
the form of a pedicle flap must be supplied piior to the cartilage or bone 
implant m ordei to create room for it Subsequently, additional space inside 
the lowei bp must be obtained by the cieation of a skin graft lined sulcus, 
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this combination building forward the solid portion of the mandible to foim 
a shelf on which a denture can rest, and supplying loom for the denture 
will give great improvement m appeal ance although there is little powei 
to the bite In less extreme cases where function is adequate, but the 
appearance is unpleasing, ci eating the missing contoui with implants of 
cartilage applied directly to the bone as a single proceduie will give good 
improvement in appeal ance Such implants must be applied directly to the 
bone without a supei imposed layer of soft tissue to insure solidity of the 
implant with the mandible (Fig 16) Additional improvement in appearance 
may be often obtained by conection ot other asymmetiies of features, com 
bining in some instances a nasoplasty with restoration of mandibular contoui 
(Figs 17 and 18) 


OTHER CONSIDERATIONS 

Fractures, limited removal of bone of the alveolus, as for tumor involving 
the alveolar ridge, or removal of soft tissue obliterating a sulcus, may interfere 
with the successful fitting of dentures If an adequate alveolar ridge is present, 
the other factors usually may be corrected simply Obliteration of the buccal 
sulcus can be corrected by adequate incision in the buccal sulcus and the 
application of a split thickness graft to maintain the depth of the sulcus 
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2 Byars, L T Blast & Reconstruct Surg, 1 236-239, 1946 
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Discussion — Dr Truman G Blockfr, Jr, Galveston, Texas I have enjoyed 
Doctor Byars’ presentation a great deal and recognize his vast experience in handling 
cases requiring jaw restoration In the army, w'here a large number of jaw reconstruc- 
tions were necessaty, our patients came to us with such loss of soft tissue or such inten- 
sive scarring m the area of bony lobs that it was impossible to maintain occlusion of the 
intact fragment We found, how'ever, that when the scar tissue was replaced by a supple 
pedicle, the fragments tended to return to their approximate normal position, occasionally 
requiring elastic traction 

The toothless posterior fragment, even though it may be considerably misplaced, can 
frequently be brought into proper alinement at the time of bone grafting by stripping its 

muscular attachments and forcibly bringing it into position with a wire placed through 

the angle 

I feel that Doctor Byars’ method of placing a bar between the fragments has con- 
siderable merit But where there is loss of soft tissue or where the bone is exposed, I 
would be hesitant to use an internal splint because of the danger of infection 

Dr Louis T Byars, St Louis, Mo (closing) I have heard this method of repair 
criticized and the statement made that good results often were not obtained by it I 
believe when the results are disappointing it is because the operator does not have the 
courage to do the tremendous amount of overcorrection that is necessary and, in the sub- 
sequent relaxation, the support is lost I have never seen one that was overcorrected, 
and I have seen a number where strips had been tightened or should have been 
tightened later 
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PROLAPSE OF THE GASTRIC MUCOSA^ 

Report of Six Cases 

Ira a Ferguson, M D 
Atlanta, Ga 

FROM THE DEPARTME^T OF SURGERY, EMOR\ UNIVERSITY 
SCHOOL OF MEDICINE 

Prolapse of the gastric mucosa through the pylorus has been consid- 
ered an unusual phenomenon, and relatively few cases have been reported 
The first case was reported by Von Schmieden m 1911 ^ Melamed and Hiller, - 
in a review of the literature in 1943, found only 19 cases reported ScotP 
reviewed the admissions of a large Naval hospital for the years 1943-1944 In 
19,288 admissions, 1,346 examinations of the upper gastro-intestmal tract were 
made, and m this group 14 instances of prolapse of the gastric mucosa were 
found, an incidence of 1 04 per cent In the same series, 13 cases of gastric 
ulcer were found, an incidence of 0 96 per cent Rees^ found only four cases 
in 3,000 such examinations at the Rees-Stealy Clinic, and only two cases in 
2,550 examinations at the San Diego County General Hospital Archer and 
Cooper*^ believe that the disease occurs much more frequently than is commonly 
recognized, but they do not give the incidence Pendergrass and Andrews® 
report that in the Department of Radiology of the Univei sity of Pennsylvania, 
the condition was diagnosed in 99 patients from 1923 to 1935 They do not, 
however, give the total number of examinations made during this period 

In a review of the last 97 examinations of the upper gastro-intestmal 
tract made at the white division of Grady Memorial Hospital, Atlanta, seven 
cases were diagnosed, an incidence of 7 2 per cent , in the last 100 such exami- 
nations in the colored division of Grady Hospital, nine cases were diagnosed, 
an incidence of 9 per cent, and in 100 gastro-intestmal examinations made 
at Emory University Hospital, 7 cases wei e diagnosed, an incidence of 7 per 
cent Of the 297 total examinations reviewed at the two hospitals, 23 cases 
of prolapse of the gastric mucosa were found, a total incidence of 7 7 per cent 
Of the 23 cases, four were so extensive as to indicate eventual surgical 
treatment 

The condition is most often observed m patients in the fourth decade of 
life, although it has been seen m patients ranging m age from 20 to 80 years 
Of the six cases presented here, five occurred in males The incidence did not 
vary according to race. 

Etiology The etiology of prolapse of the gastric musoca is unknown 
Ehason and Wright® suggest that it is the result of a low-grade inflammation 
of the mucosa produced by chronic irritation, and that it develops into a local 
hypertrophy Once this hypertrophy begins, it is increased mechanically by 
contraction of the stomach, peristaltic waves, and the pressure of the gastric 
contents as they are forced by on their way to the pylorus The mucosa is 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesday, December 10, 1947 
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thus pushed along or lengthened out in the direction of the pylorus, and it is 
eventually swept into the pylorus by a peristaltic wave, causing a ball-valve 
syndrome attack of pain Rubin" concurs in this theory of an inflammatory 
origin but believes also that the resulting increase m peiistalsis causes a pro- 
gressive prolapse of the mucosa Wolf and Wolff^" found gieat variation in 
the thickness of noimal mucosa, various stimuli causing large hypertrophic- 
appearing folds of mucosa which subsequently appeared normal In three 
cases of prolapsed gastric mucosa treated suigically, Rees'* found a “definite 
resistant narrowing of the pylorus and an apparent loss of muscular substance,” 
suggesting a fibrous degeneration of tlie musculai tissue He believes that this 
narrowing of the pylorus causes h}fpei peristal sis which in turn loosens the 



Fig 1 Case 6 Upper left illustration shows extreme mobility and redundancy of 
the gastric mucosa On the right is shown the rugae continuing down well past a 
normal pyloric aperture into the duodenum 

attachment of the mucous membiane to the musculai is in the constricted aiea, 
and that once the membiane is mobilized, the ti action is tiansmitted by 
continuity to the antral mucosa, which is loosened in turn and eventually 
prolapses He states that the condition is piogiessive and symptoms become 
more pronounced as the mucosa becomes more redundant Scott" believes 
that none of these hypotheses will completely explain the condition Rather, 
he believes that the mucosa becomes loosened as a result of sti etching during 
normal gastric movements, and he cites Forssell’s and Schindler’s observa- 
tions that the mucosa has a mobility of its own, and varies in size, shape 
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and position independently of the contractions of the musculaiis He states 
that “the one common denommatoi m the theoiies on the etiology of piolapse 
IS an abnoimal distuibance of gastric peiistalsis and function The most 
common continuous and effective means for altering gastiic function springs 
from the emotions and the nervous system Consequently, in view of the 
consti uction of the stomach walls, which noi mally pei mits a degi ee of mobilit} 
between them, it seems possible that certain neurogenic factoi s are the inciting 
cause of a distuibed gastric function that ultimately bungs about a mucosal 
piolapse A pie-existmg disease piocess is not necessary for the pioduction 
of a pi olapse of the gasti ic mucosa ” 

Pathology The pathology involved in prolapse of the gasti ic mucosa 
IS a ledundancy of the mucosa of the pyloric end of the stomach with greatly 
hypeiti opined lugae This aiea of mucosa not only becomes ledundant, its 
mobility on the muscularis is gieatei than noimal Obseivation at autopsy 
has shown the mucosa of the noimal stomach to be movable on the musculaiis, 
but in no case sufficiently mobile to allow it to be oiawn down into the 
duodenum In the one case opeiated upon at Giady Hospital, theie was such 
maiked ledundancy and mobility of the piepyloiic mucosa on the musculaiis 
that the mucosa could be diawn down into tbe duodenum 6 to 7 cm bf^yond 
the pyloius (Fig 1) The pyloiic muscle was gieatly hypertrophied, but 
the lumen of the pyloius was appaiently normal, and the mucosa could be 
passed in and out of it without difficulty In this case the piolapsed mucosa 
could be felt through the duodenal wall, but this was not possible in the 
majonty of cases lepoited in the hteiatuie The lugae of the stomach weie 
continued on to the prolapsed mucosa Micioscopic examination of the 
lesected mucosa levealed hypeiemia and many blood cells thioughout but 
no othei evidence of inflammatory change Some obseivers have found in- 
flammatoiy infiltration into the mucosa, -> ® others have found a nan owing 
of the pyloius with loss of musculai substance The piesence of ulceis, polyps, 
and carcinoma on the pi olapsed mucosa has been reported - However, none 
of these findings have been consistently confiimed by most obseiveis 

Symptomatology Pam is the most consistent single symptotn and may 
be either aching oi ciamp-hke in character It is usually felt in the epigas- 
tnum, and fiequently ladiates eithei undei the costal maigm or to the back 
It may be piostiating It occuired m foui of the six cases piesented heie 
Nausea and vomiting occuned in five of the six cases Four of the six had 
sour belches oi heaitbuin Four of the patients had hematemesis and melena 
Vaiiation of the degiee of acidity of the stomach does not appeal to be dis- 
tinctive Anoiexia, anemia (Mhich Aichei and CoopeU believe has not been 
adequately stiessed as a commonly occuiring symptom), and loss of weight 
may be dominant symptoms Varying degiees of gastric letention, or none 
at all, may be pi esent Thus, it can be seen that these patients ])i csent a 
vaiiable gioup of symptoms similar to those piesented hy patients with 
peptic ulcei 
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Diagnosis There is no definite combination of symptoms common to 
all cases that will allow the diagnosis to be made from clinical observations 
alone Roentgenographic examination is essential in arriving at a diagnosis, 
and foitunately the findings of this examination are distinctive There is a 
filling defect in the duodenum, characterized by a central streak of barium 
showing an intact mucosa ^ This defect is variable depending on the degree 
of prolapse of the mucosa and the motor activity of the stomach at the time 



Fig 2 Case 6 Marked prepyloric deformity with folding out of mucosa into the 

duodenal cap 

of examination The mucosa prolapsed into the duodenum allows the barium 
to flow around it, producing a characteristic mushroom or umbrella effect 
Usually the redundant gastric rugae can be traced from the antral canal 
through the pyloric opening into the base of the duodenal bulb The rugae 
in the prepyloric portion of the stomach do not appear abnormal or partic- 
ularly large ® The duodenal bulb is not irritable , it usually retains the barium, 
thus permitting prolonged examination, a contradistinction to the behavioi 
of the bulb with an active ulcer or duodenitis ® Pendergrass and Andrews® 
have summarized the roentgenographic findings as follows 

1 Prolapsing lesions of the gastric mucosa produce a central filling defect 
in the duodenal cap, and there is a thin shadow of bismuth around the defect 

2 The defect is generally not seen in films made in the erect posture 

3 The diagnosis can be easily overlooked in the fluoroscopic examination 
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4 There is no distuibance m the passing of the peiistaltic waves 

5. Theie is always a six-hour residue (This was not consistently found 
in the cases observed at Grady Hospital ) 

6 There is no defect of the stomach in the presence of pedunculated 
growths which prolapse through the pyloric ring 

7 There is a variable defect of the prepyloric legion of the stomach 
when prolapsed mucous membrane extends through the pyloric ring 

Treatment The curative tieatnient of this entity is unquestionably 
surgical and is directed toward removing the piolapsing mucosa, short circuit- 
ing the diseased area, or enlarging the gastric outlet so that the prolapsed 
mucosa can move back and forth at will without causing obstruction 

Indications for operation are (1) persistent pain, (2) hemorrhage, and 
(3) obstruction Many cases with lessei degrees of piolapse aie amenable 
to dietary management and the administiation of antispasmodics It must be 
remembered that “the condition is progressive and symptoms become more 
pronounced as the mucosa becomes more redundant 

Many types of surgical procedures have been used to correct the deformity, 
including partial gastrectomy, pyloroplasty, gastrojejunostomy, and simple 
excision of the redundant mucosa In the one case treated by surgery at 
Grady Hospital, the redundant mucosa was excised and the appronemated 
edges were sutured to the muscularis, and a Finney pyloroplasty was done 
Probably any procedure that effects removal of the mucosa or gives it fiee- 
dom to move back and forth without causing obstruction or becoming mcai- 
cerated would prove satisfactory 

Case Reports Summaries of the six cases from the surgical service of 
Grady Hospital are presented here 

Case 1 — W , female, Negro, age 23 This patient v'as admitted June, 1942, com- 
plaining of dull aching pain over the left costal margin, more severe when the stomach 
was empty, not relieved by taking food She had eructation of sour material, and on three 
occasions vomited small quantities of blood, the last episode occurring about one week 
before admission 

Roentgenographic examination revealed prolapse of the gastric mucosa through the 
pylorus There was no evidence of ulcer She was treated with antiacid powder, bella- 
donna, and a fairly liberal diet eliminating greasy foods There was no further bleeding, 
and digestive symptoms were relieved This patient was last seen in 1944, at which time 
she stated that she was fairly free from digestive symptoms as long as she remained 
on the diet 

Case 2 — L W , male, Negro, age 39 In January, 1939, this patient vomited dark 
blood, passed dark, tarry stools, had sudden weakness and blind staggers He came into 
the hospital three days later and was treated with Sippy diet and Amphojel for three days 
After roentgenologic examination, a diagnosis of Hypertrophic gastritis with prolapse of 
the gastric mucosa was made He was treated symptomatically, the bleeding stopped, and 
the patient left the hospital against advice He was readmitted in September, 1939, and 
July, 1940, each time following an episode of hemorrhage, and each time the patient left 
the hospital without permission In February, 1943, he was admitted to the surgical serv- 
ice because of exsanguinating hemorrhage Transfusions were given and he recovered 
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from shock Roentgenographic examination at that time revealed prolapse of the gastric 
mucosa into the duodenum The patient refused surgery and left the hospital 

Case 3 — J A, male, white, age 39 Tins patient was admitted July 17, 1939, com- 
plaining of attacks of epigastric pain, nausea, vomiting, heartburn and indigestion for the 
previous five years There was tenderness in the right lower quadrant, and an appendec- 
tomy was performed on the day of admission Pathologic examination showed a normal 
appendix Patient left the hospital unimproved He was readmitted in April, 1945, 
complaining of having vomited undigested food after meals for a period of ten months 
He had never vomited blood He had had a cholecystectomy at another hospital in 
January, 1945 Following this operation he had complete relief for three to four weeks, 
following wdnch he again started vomiting and had almost constant retrosternal pain 

Gastro-intestinal examination showed the pylorus to be somewhat narrowed but the 
mucosa appeared normal There w'as a crescent-shaped filling defect observed in the base 
of the duodenal cap, representing an hypertrophy of the pylorus and prolapse of the pyloric 
mucosa into the base of the duodenal cap Patient left the hospital without permission on 
April 28, 1945, and was re-admitted in October, 1947, with the same complaints On a 
bland diet with belladonna at mealtime he has remained entirely well and has had no 
further vomiting This patient had no anemia and vomited no blood at any time 

Case 4 — J L, male, white, age 70 This patient w'as admitted kfay 18, 1944, in a 
coma following subarachnoid hemorrhage His blood pressure was 190/120 In addition 
to other difficulties, he had suflfered from substernal pain, heartburn, nausea and vomiting 
over a period of three years, and had passed tarry stools Gastro-mtestmal examination 
revealed the folds of mucosa in the pylorus to be very thick and to have herniated into 
the duodenal cap, indicated by a crescent-shaped filling defect in the base of bulb There 
W'as no evidence of ulcer The patient was placed on a bland diet with antispasmodics 
He has had no further discomfort 

Case 5 — H W , male, white, age 49 This patient has had digcstiv'e disturbances 
for the past three years He has been under considerable emotional strain and has had 
numerous attacks of substernal pain radiating through to the back These attacks are 
relieved by opiates and antispasmodics For about six weeks following an attack, this 
patient has all the clinical symptoms of peptic ulcer A physician, he treats himself over 
this period with a rather strict diet, between meal feedings, and antispasmodics, and 
apparently entirely recovers He is then able to eat normally until the next episode of 
substernal pain and ulcer sv'mptoms Repeated roentgenographic .examinations have never 
shown a definite ulcer crater, but there is a definite prolapse of gastric mucosa through 
the pylorus It is believed that this prolapse occurs periodically, producing the symptoms 
of ulcer, but w'hether actual ulceration occurs on this prolapsed mucosa is a matter 
of speculation 

Case 6 J AI , male, Negro, age 35 For several years this patient had attaeks of 
abdominal pain beginning in the epigastrium and radiating to the back under the right 
shoulder blade These attacks, which lasted two or three hours, were accompanied by 
heartburn, belching, and occasional vomiting of undigested food He would take laxatives 
and recover completely until the next seizure During an attack July 13, 1947, he vomited 
about a quart of bright red blood He continued vomiting until he collapsed He was 
admitted to Grady Hospital, July 14, 1947, in a state of shock His pulse was weak, 
blood pressure was 80/50, he was sweating and had some air hunger Hemoglobin was 
6 9 Gm red blood count w'as 2 million He passed several dark, tarry stools After four 
transfusions the blood pressure rose to 150/80, hemoglobin to 12 Gm On July 16, 1947, 
patient had another episode of bleeding and lost about 1,200 cc of blood which was 
replaced bj whole blood transfusion Roentgenographic examination the following dav 
rev ealed a pronounced prolapse of the gastric mucosa into the duodenal cap, indicated 
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by an umbrella-like hlling defect in the pyloric side of the duodenal cap (Fig 2) No 
other significant changes were noted 

This patient was operated upon August 7, 1947 After the stomach and pylorus weic 
exposed, it was possible to feel the prolapsed mucosa extending foi approximately 2 5 cm 
into the duodenum The stomach was opened by a horizontal incision on the anterior 
surface The rugae in the prepyloric region of the stomach were very laige and were 
unattached to the muscularis The mucosa had prolapsed through the pyloiic sphinctei 
With an Allis forcep this loose mucosa could be lifted up in a definite collar-like fold for 
a distance of 5 or 6 cm through the incision in the stomach (Fig 1) The lugae weie 
diiected into this collar of mucosa and went on into the duodenum The collar of mucosa 
was excised locally and sutured with 00 catgut, taking care to anchor it to the submucous 
Uyei Although the pylorus was patent and appeared noimal in size, it was thought wise 
to transect this muscle The stomach incision was therefore extended on to the duodenum 
and a classic Finney pyloioplasty was done No evidence of ulcei was found The site 
of the bleeding was not located The mucosa was of noimal coloi and appearance 

The patient became ambulatory the following day Roentgeiiographic examination 
show’cd no evidence of furthei prolapse, but an enlaiged, lather deformed-looking pylorus 
now exists The patient bad no further symptoms and was dischaiged from the hospital 
August 19, 1947 He w'as last seen November 25, 1947 and had been entirely symptom 
free since opeiation 

SUMMARY 

1 Ptolapse of the gastnc mucosa tluough the p)' lot us ts a chstmct 
clinical entity 

2 This condition occtiis lathei flequentl 3 ^ being found inoie often than 
gastiic ulcei In a levieiv of the last 297 examinations of the uppei gastio- 
intestinal tiact made at Giady Memoiial and Emoiy Univeisity Hospitals, 
23 cases wei e found, an incidence of 7 7 pei cent 

3 The diagnosis may be easily missed This disease may well be the 
undei lying factoi in many of the undiagnosed digestive distuibances 

4 The etiology is unknown 

5 The patholog)" is an abnoimal mobility and ledundancy of the pie- 
pyloiic mucosa wnth prolapse thiough the pylorus 

6 The symptomatology is not cleaily defined 

7 Roentgenogi aphic examination is essential m making the diagnosis 
The findings aie distinctive 

8 The ciuative tieatment is suigical. but mildei cases can be successfully 
tieated by dietaiy management and antispasmodics 

REFERENCES 

^ Von Schnuedcii, cited b}' Rees,’’ and Archer and Cooper ’’ 

- Melamed, \ , and R I Hiller Prolapsed Gastric Mucosa Rocntgcnologie Demonstra- 
tion of Ulcer Crater in Prolapsed Polypoid Mucosa Am J Digest Dis S. Nutri- 
tion, 10 93, 1943 

Scott, W G Radiographic Diagnosis of Prolapsed Redundant Gastric Afucosa into the 
Duodenum, with Remarks on the Clinical Significance and Treatment Radiologv 
46 547. 1946 

Rees, C E Prolapse of the Gastric Mucosa Through the Pilorus Surgical Treatment 
Surg. Gjnee Obst , 64 689, 1937 


885 



IRA A FERGUSON 


Annals of feurj,er} 
May 1 9 4 S 


® Archer, V W , and G Cooper, Jr Prolapse of Gastric Mucosa South M J , 32 
252, 1939 

® Pendergrass, E P , and J R Andrews Prolapsing Lesions of the Gastric Mucosa 
Am J Roentgenol , 34 337, 1935 

Weens, H S , Chairman, Department of Roentgenology, Emory University School of 
Medicine, Emory University, Georgia Personal communication 
® Eliason, E L, and W V M Wright Benign Tumors of the Stomach Surg, Gyncc 
& Obst , 41 461, 1925 

' Rubin, J S Prolapse of Polypoid Gastric Mucosa into the Duodenum, with Malignant 
Change Radiology, 38 362, 1942 

Wolf, S , and H G Wolff The Gastric Mucosa, Gastritis and Ulcer Am J Digest 
Dis & Nutrition, 10 23, 1943 

Discussion — Dr T C Davison, Atlanta, Ga I would like to ask ivhat produces 
the symptoms Is it obstruction in the pylorus? 

Dr Ira A Ferguson, Atlanta, Ga (closing) We thought the symptom of pain 
was probably produced by spasm of the pyloric sphincter There is, of course, a question 
as to whether the prolapsed mucosa becomes strangulated or so incarcerated in the 
pyloric aperture that it interferes with the blood supply We think this is a possibility 
as hemorrhage is a commonplace symptom However, the most likely cause is 
pylorospasm 
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MESENTERIC VASCULAR OCCLUSION* 

J D Rwes, M D , L H Strug, M D , and 

I M Essbig, M D 
New Orleans, La 

FROM THE DEPARTMENT OF SURGERY, LOUISIANA STATE UNIVERSITY MEDICAL SCHOOL, AND 
THE DEPARTMENT OF SURGERT, TOURO INFIRMARY, NEW ORLEANS, LOUISIANA 

The comprehensive term mesenteric vascular occlusion is usually limited 
m its application to obstruction of the mesenteric blood vessels by thrombosis 
or embolism The condition is very common if we include the thrombosis, 
usually of minor degiee, that occur as part of the picture of gangrenous appen- 
dicitis, peritonitis, strangulated hernia, operative trauma, etc This discussion 
will be limited to mesenteric vascular occlusion due to thrombosis or embolism 
resulting from causes other than local infection or injury 

Our mteiest in this subject has been revived by our recent observation of 11 
such cases, which has impressed upon us the facts that the clinical picture is 
not too difficult to recognize, and that this must be done earlier than it usually 
IS if treatment is to be effective 

We are reporting 19 cases found m the records of Touro Infirmary in the 
ten year period from 1938 to 1947 Eleven have been observed by one or 
another of us within the last two years (See Table I ) 

A fairly comprehensive review of the literature combined with our own 
observations reveals certain facts as to etiology and pathology that are well 
established 

1 The common statement that the teiminal branches of the mesenteric 
arteries are “functional end arteries”^^ is true only m the sense that they do not 
have anastomoses between their larger branches They communicate with each 
other freely through the profuse submucous plexus 

2 Theie is considerable variation in the efficiency of this collateral circu- 
lation as is shown by the facts that 

a Experimental ligation of a single teiminal aitery has little or no 

effect 2T, 49 

b Two cases in our series showed focal necrosis and perforation from 
embolic occlusion of single small arteries This, no doubt, resulted from pro- 
gressive till ombosis beyond the site of occlusion which obstructed the collateral 
channels in the submucosal plexus 

c AVhereas Welch and Mall found that occlusion of the arterial supply of 
5-10 cm of the bowel legulaily caused gangrene, Rothschild found that, in dogs, 
10-15 cm could be deprived of its blood supply with sunuval of the bowel m 
about half the cases It has been suggested^^ that vasospasm of the patent 
collaterals may m some instances account for this variation 

3 Obstruction of an arteiy proximal to the terminal arcade leaves adequate 

collaterals except in the case of verv large vessels such as the superior or in- 
fenoi mesenteries The collateral anastomoses of such arteries are too 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesdaj, December 10, 1947 
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siiidll and too widely bepaiated to piovide adequate blood supply for so long a 
segment of bowel 

4 Giadual occlusion of any aitei), even the superior mesenteiic, may be 
well toleiated, in fact, if it is very slow, no lecognizable symptoms may 
occui 

5 Paitial occlusion, sudden oi giadual, of the arterial supply of any seg- 
ment of bouel, whatevei its length, may cause only minoi distuibances of 
function Hou ever, such a partial occlusion that has been i\ ell tolei ated when 
the general ciiciilation nas good, nia} cause mfaiction when at a later date the 



Ek. 1 — Subtotal occlusion, mesenteric vein, old Increased portal pressure due to 
emhosis of liver and possible heart failure superimposed on the portal occlusion pro- 
duced complete occlusion of mesenteric \cins and gangrene X-I8 

efficiency of the geneial cii dilation is impaiied'’^ Welch and INIall obsened 
expei imentally that when all collateials to a segment of bowel weie ligated and 
the mesenteric aiteiy giadually occluded mfaiction took place when the pies- 
suie distal to the occlusion fell to of normal Two of otn cases showed tliLs 
phenomenon and m addition one show ed the same effects fi om pai tial occlusion 
of the supeiioi mesenteiic vein (Fig 1 ) 

6 Simultaneous tliiombosis of both arteiies and \ems is probabK lare 
but mxohement of eithci is often toUowed b} thiombosis of the othei and it is 
i sualK difficult or impossible foi the pathologist to detennme the site of the 
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beginning of the process Donaldson and Stout® have shown experimentally 
that spread of thrombosis from veins to arteries does not always occur Five of 
our cases gave histologic confirmation of this observation and four show that 
the converse is also true 

7 All infarcts of the intestine are hemoi rhagic Why arterial occlusion 
causes hemorrhagic mfaiction is not entirely clear It may be due to reflux of 
blood from the veins actuated b}' the positive portal pressure^® or to the flow 
of artei lal blood into the submucous plexus fi om anastomosing arteries It is 
d’fficult to see how the latter explanations can apply to infarcts resulting from 
occlusion of major arteries because of the great length of bowel intervening 
between the patent collaterals 

8 The pathologic and physiologic changes caused by mesenteric vascular 
occlusion are the same m arterial, venous, and combined involvement Depend- 
ing upon the degree of ischemia produced, the effect upon the bowel may be 
(1) none, (2) paralytic ileus without pathologic change other than conges- 
tion, (3) ulceration of the mucosa, (4) ecchymoses into the bowel wall, (5) 
hemorrhagic infarction, focal or massive, and (6) finally, perforation When 
the process progresses as far as ulceration, blood is usually extravasated into 
the lumen When infarction takes place, there is extensive hemorrhage Into 
the lumen of the bowel, edema and hemoi rhagic infiltration of the mesen- 
tery, and transudation of fluid, usually bloody, into the peritoneal cavity 

9 As a rule, little or no gas accumulates m the involved, segment, pre- 
sumably due to the fact that the infiltrated intestinal wall is not readilv 
distensible Chesterman,® from observations on cats, concluded that disten- 
tion IS prevented m the earlier stages by tonic contraction of the inAmlved 
bowel 

In one of our cases, although there was extensive gangrene, there was only 
slight distention of the small bowel, despite roentgen-ray evidence of a few 
fliiid levels 

10 When ischemia of a segment of bowel takes place, hyperperistalsis 
occurs for a period reported to be as long as two to three hours This is 
followed, after a variable time, by paralytic ileus, which has the effect of pro- 
ducing partial intestinal obstruction with all of its associated phenomena 
At any time before gangrene develops, the process may be arrested and com- 
plete recovery takes place This is probably a common event in minor degrees 
of thrombosis ® We have previously observed this phenomenon and the histo- 
logical examination of the autopsy specimen in one of our cases shows old 
recanalized thrombi as evidence of two previous similar episodes (Fig 2 ) 
Recurrence of mesenteric vascular occlusion is especially likely m portal hyper- 
tension and m mesenteric arteriosclerosis 

HISTORICAL 

The first case was reported by Tiedemann®® a little over one hundred years 
ago Virchow^® four years later in 1847 described the pathology The clinical 
picture received scant attention until Litten’s®® paper m 1875 Councilman'^ in 
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1895 commented on the tendency of lare pathological conditions to occur in 
groups and detailed the autopsy findings in three cases of superior mesenteric 
occlusion seen in a two-week period 

Elliott^^ could find only three surgically treated cases prior to 1895, all unsuc- 
cessful He reported two cases seen within a fortnight The first was a 24- 
year-old male, m whom it was necessary to resect four feet of gangrenous 
jejunum The open ends of the intestine weie stitched into the abdominal wall, 
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Fig 2 — ^Progressive phases of thrombosis, organization, and recanalization 
Section (a) old, (b) intermediate, and (c) recent X-60 


rnd closure was performed two weeks later This was the first successfully 
ti eated case 

Welch and Mall,^® in 1899, reported their results on experimental mesen- 
teiic vascular occlusion m dogs In 1904 Jackson, Porter, and Quinby^’^ made 
the first comprehensive survey of the literature, collecting 184 cases and adding 
50 new ones obtained from various hospitals in Boston Trotter^^ in 1913 added 
six new cases of mesenteric thrombosis and collected in monographic form a 
total of 360 cases from the literature He tabulated a mortaht}’' rate of 94 per 
cent, and a coi rect preoperative diagnosis in only four per cent of all cases 

Ross Loop^'* in 1921 reviewed in detail nine personal cases seen over a 
two-year period, which he declared presented a pathologic picture so char- 
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actenstit as lo be unmistakable and a syndiomc so untfoiin diat it suggested 
a definite disease entity His desciiption of the gioss pathology and symp- 
tomatology IS by tai the most vivid yet wiitten The same }eai Kleiii-^ made 
an extensive suivey of the liteiatuie concerning the expeiimcntal work on 
mesenteiic thiomhosis 

Cokkmis'^ published a monogiaph m 1926 and lepoitcd on experiments in 
which he found that the aiteiial collateial circulation was consideiahle and that 
the venous was of even gieatei volume 

Jeiauld-”’ successful!}' lesected 19 feet of intestine foi thiomhosis of the 
supeiioi mesenteiic aiteiy in 1929 Recently H W ]\Ic}cr’" desciihed the 
amazing case of a 20 yeai old soldiei, opeiated on in a field hospital in whom 
It was necessaiy to lesect all hut 20 inches of the small intestine, and the ugh* 
half of the colon foi occlusion of the supeiioi mesenteiic aitciy, with complex 
lecovery This is a slightly moie extensive resection than that lepoited hv 


^IL 

20-29 30-39 40-49 50-59 60-69 70-79 

AGE 

AVERAGE AGE -56 YEARS 

Fig 3 — Incidence of occurrence grouped in decades 

Madding and Mclntiie-’*’ Giey Turner’- in 1937 leported a case in wdiich he 
successfully pertoimed a caesaiian section and resected 10 feet of small bowel 
That these extensive lesections aie feasible w'as showm expei imentallv on dogs 
by FhnR^ in 1912 

INCIDENCE 

“Primary” mesenteric vascular occlusion is a very uncommon disease, occur- 
'ing in from 02 per cent’^ to 105 pei cent^^ of all suigical admissions The 
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incidence at Toino Inin man iiom 1938 to 1947 \\as 19 cases in 55,232 singical 
aclinnsions 038 pei cent It should be noted that, in most collections, cases 
due to local tiauma and infection aic included 

The disease n about twice as common in men as m women In our 

senes the jjiopoition was 13 to 6 It occuis most often in the thud to the sixth 
decade In oui own senes the aveiage age was 58 (Fig 3). as coinpaied to 
those of Iliad} - 44 }eais Laison 55 2 yeais, and Whittakei and Pembei- 
ton 13 to 45 \cais Howewei, it nia\ occui in childien, as one of us has 
picMousl} obsened and as has been lepoiled by seveial authois-'’ A numbe> 
of eases ha\c been ohserxed in infants, the voungest being one month 
old-'--'“.-" 

nioioGX (Fig 4) 

hfciial mesenlenc occlusion max be eithei embolic oi thiombotic, the 
uamei btmg moie common (6 to 4 in this ‘'cnes) 



The cmhoh may ongmate m the heait, the aoita, oi the pulmonaiy veins'^ 
They may be fiagments of thiombi, of aoitic plaques, oi of vegetations fiom 
the heail xalves Muial thiombi occinnng m coionaiy occlusion and fiee clots 
loimed 111 the heail chainbeis dunng sex'eie aiixh:hinias or congestive heait 
fallen e aie the most common souices Such emboli aie often laige, and not 
infiequently block the supenor mesentenc aiteiy or one of its niajoi biaiiehes 
(Fig 5) Emboli fi 0111 vegetations on the heal t x'^alx'es, on the other hand aie 
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usually small and often multiple Numerous mfaicts m other oigans are fre- 
quently associated with eithei type 

Aiteual till ombosis may lesult from diseases of the vessel walls, from 
infarction of the bowel due to venous occlusion, peihaps fiom alterations in 
the clotting mechanisms, and probably other causes Among the vascular dis- 
eases reported to have caused it are Buergei’s disease,^- Raynaud’s disease,'^*' 
and mesenteric arteriosclerosis ^ Oui series includes two cases of thrombotic 



Fig 5 — Embolus lodged m su- 
perior mesenteric artery 


occlusion of the superioi mesenteric artery 
and one of a large branch of the same vessel, 
all due to advanced arteriosclerosis 

Venous occlusion is probabl}’^ always due 
to thrombosis and its most common causes 
are infection and trauma, but these weie 
excluded from this discussion, when the cause 
w'as apparent This leaves as the usual causes 
of so-called primary venous thrombosis dis- 
eases of the vessel walls, slowing of the venous 
flow, damage to the vessel walls incident to 
arterial occlusion, and peihaps alterations m 
the clotting mechanism Portal hypertension, 
due to cirrhosis of the livei, cavernomatous 
transformations of the portal vein, or conges- 
tive heait failure, is among the most common 
demonstrable causes The vascular diseases, 
other than arterioscleiosis, that cause arterial 
occlusion may also cause venous thrombosis 
To this group we add a case of disseminated 
lupus erythematosus wdnch seems to be unique 
It seems odd that whereas the vascular changes 
of this disease involve both aiteries and veins, 
our pathologist found only venous throm- 
bosis 


Combined aiteual and venous tin ombosis of the peripheral vessels is also a 
common t3'pe of mesenteric vascular occlusion It seems probable that the 
process starts as a venous thrombosis in most instances and that the arteries 
are thrombosed secondarily, because patent ai teries are frequently encountered 
in the involved area The pathologist usually cannot determine where the 
process began How^evei, simultaneous arterial and venous thrombosis may 
occur m such diseases as thrombo-angntis obliterans 

Most instances of mesenteric tin ombosis can be explained on the basis of 
one or another of the above mentioned causes but there remains a considerable 
number that must be listed as idiopathic Even though we have excluded all 
cases in wdiich infection of the intestinal wall was demonstrable, it seems prob- 
able that the “idiopathic” cases are due to some pathologic process in the bowel 
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We ha\e included one example due to Whipple’s intestinal lipodystrophy” 
w Inch seems to be unique 

CLINICAL PICTURE 

Wheieas it is possible to classify most cases etiologically as arteiial or 
Aenous, and as embolic oi thrombotic, this is often impossible, clinically Theie 
aie only two distinct clinical types The fiist is pioduced by sudden blockage 
of a majoi mesenteiic aitei}' and the second by any of the other forms of 
occlusion The difteience m behavioi of these two gioups is due to the fact that 
the foimer causes sudden complete mfaiction, wdiereas the lattei causes a 
graduall} inci easing ischemia that may either subside oi pi ogress to complete 
infaiction Oui collection includes seven of the first type and 12 of the second 
When the stage of mfaiction is i cached, the picture is the same, no mattei 
how' It has developed,’’” and since all except two of the cases here reported had 
leached this stage no difteientiation as to type was possible except on the bases 
of the history of a causatne disease and the chaiacter of the onset 

Since sudden occlusion of a major aitei)^ is almost ahvays due to advanced 
cardiovascular disease, theie is usually a leceiit histoiy of such a condition, but 
occasionally it may be ovei looked as in tw o cases of this sei les, and m the i e- 
maikable instance leported by H W Meyer Typically, individuals suffering 
from se\ ere cardiac disease exhibit a di amatic ti ansfoi mation to the picture of 
c! major abdominal catastiophe chai actei ized by sudden severe abdominal pain, 
usually cramplike, sevei e nausea and vomiting, and profound shock All signs 
of peiistalsis soon disappeai and, since these unfoitunates usuauly die before 
peritonitis develops, iigidity is seldom seen The temperature may be sub- 
normal to slightly elevated Leucocj tosis, model ate to veiy high, is usually 
found This striking onset is unfortunately frequently masked by the seventy 
of the cardiovascular state, as w e have twuce observed 

The gradual development of intestinal ischemia that results from all other 
types of occlusion usually passes thiough thiee stages First, a period of vari- 
able length, characterized by uncooi dinated hypei peristalsis wnth colicky pains 
and nausea not unlike that following overmdulgence m green apples , second, a 
period of intestinal paresis that pi oduces the picture of partial intestinal obstruc- 
tion, and, third, a peiiod of intestinal sti angulation with all of its consequences 
The clinical state of the patient when fii st observed depends largely upon the 
stage of the pathological process, so that one must depend largely upon the 
history for diagnostic data Histones taken by first year interns frequently 
cannot be depended upon for such data, so w^e ha\e, to some degree, drawm 
upon our personal observations, as well as on the liteiatuie, to fill out the 
picture 

The prodromal period is characterized by ( 1 ) inconstant nagging abdom- 
inal pain, usually colicky, and located vaguely about the mid-abdomen, (2) 
nausea and vomiting, usually mild and frequently subsiding after a short time , 
(3) constipation or diarrhea, (4) moderate distention without rigidity The 
picture changes gradually into one of intestinal obstruction with aggravation 
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of all features except diarrhea Leucocytosis develops and is often very high 
Peristalsis, which has been hypei active, rapidly subsides At an} stage, up to 
and including this, spontaneous lecoveiy may take place'* as one of us has ob- 
served twice pieviously, and as we suspect fioin the histones of two of the cases 
Iiere lepoited If recovery does not take place, the classical picture of intestinal 
strangulation develops, eithei gradually or \\ ith such di ainatic suddenness that 
the piodromal period may be foi gotten b\ both patient and famih and can be 
lecalled only by peisistent questioning 

A moie detailed discussion of mduidiial sym])toms and signs follow 
/ Fig 6 ) 



W B C NOT DONE IN 5 CAUSES lQ-19 THOUSAND = MODERATE- OVER EO TH0USAND= SEVERE 
t recorded in 7 CASES ONLY 

Fig 6 — Pertinent clinical findings, tabulated in order of occurrence B C 
not done in 5 cases 10-19 thousand — Moderate Over 20,000 = Severe yRecorded 
in 7 cases only 

1 Pam IS a constant symptom being piesent in all patients whose state 
of consciousness permits its perception At the onset it is often colicky and of 
mild to moderate sevei ity, but later it usually becomes constant and ver} sevei e 
In sudden occlusion of major arteiies, it is sevei c from the onset if perceived 
at all It IS usually located vaguely about the mid- oi lowei abdomen, and 
there is no radiation In our series it was severe m 13 cases model ate in thiee, 
slight 111 one, and masked by a terminal cardiovasculai state in twxi 

2 Tenderness is less constant but is distributed as is the pain It is usual!} 
not severe until peritonitis dei elops In oui series it w^as sevei e in six, modei ate 
111 seven slight in one, and absent in five 

3 Rigidity does not occiii until pei itonitis develops and in exti einelv iH 
patients iiiav not be found even then 
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4 Dislenlion dexelops giacliiall} and is maiked only in the late stages of 
the piocessr'^ In this senes it was maiked m ten, model ate m seven, and absent 
in t\NO It is mteiestnig that the last mentioned two weie cases of massive 
aiteiial occlusion Pei haps death occuiied so soon aftei this developed that 
there was insufficient time foi the development of distention 

5 Shock IS piescnl at the onset only in sudden massive infarction but 
deielops in almost all if not all cases wheie extensive gangrene occuis^'^ It 
was present therefoie in most of our cases (16), befoie opeialion or death 
It was lepoited as se\eie in 12, modeiate in thiee, mild in one, and absent in 
thiee 

It w’as usuall} impossible to lelieie the shock in these patients, even though 
laige amounts of blood and othei fluids w^eie gnen 

6 Nausea and lomiting are common but not usually severe They w^eie 
severe in se\en cases, moderate in seven, and absent in five of our senes 

Hematemesis is said to be common^ ‘ but it occuiied in only one of the cases 
here reported, and in that one it was due to esophageal vaiices in a case of 
portal hypertension and occuiied befoie the onset of the mesenteric thrombosis 

7 Peristalsis is undoubtedl} actne at the onset but it usually ceases earl}', 
so was often absent at the time of admission to the hospital No mention w^as 
made of it in 12 of our cases, which we considei a shameful neglect of a valu- 
able diagnostic aid No doubt this examination w^as made more often and not 
lecorded as w'e aie suie was the case in two or our owm patients In the seven 
cases in which auscultation of the abdomen w^as mentioned, peiistalsis w^as 
heard in only one 

8 Helena is said to be fi equent and of great diagnostic importance,^- “■*> 

but It occurred m only twm of oui cases, and m one of these it occuired befoie 
the onset of the thrombosis and fiom anothei cause In view of the fact that 
gangrenous bow^el always contains blood, it is sm prising that melena w'as so 
infrequent When observed, it must be considei ed an important diagnostic sign, 
and a rectal examination should be made m all suspected cases 

9 Teinpeiatui e Subnoimal temperatuie has been noted by several ob- 
servers®- but was not a feature of the cases here repoited In those without 
gross evidence of peiitonitis the temperature aveiaged from 99 to 101 

10 Leucocyfosts Unlike other types of intestinal obstruction, that caused 
by mesenteric vascular occlusion usually causes a high leucocytosis In eleven 
of our cases it ranged from 14,000 to 30,000 total leucocytes, and from 85 per 
cent to 95 per cent polymoiphonucleai s In five theie w^as no record of a blood 
count, and in three normal values were observed A high leucocytosis wdien 
found IS a valuable point m differential diagnosis 

11 After gangrene has developed, an indefinite doughy mass is often pal- 
pable This has frequently been reported, 2’’ and we have ourselves observed 
It in four of our own cases, all of which are included in this series Since such a 
mass was noted in the record of only three cases, we are confirmed in our belief 
that others beside ourselves have been negligent in recording all of their find- 
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ings 111 one of our peisonal cases, the mass was felt only aftei a spinal anes- 
thetic was administered, and was a valuable finding m determining the site of 
the incision 

12 Constipation is the rule aftei the onset of the obstructive phase of the 
Qisease, but bloody diarrhea has been reported Only four of our cases had 
a history of lecent diarrhea and only two had diairhea after hospitalization 
One of the latter was the case of Whipple’s disease, in which diarrhea is a con- 
stant symptom 

13 Jaundice has not previously been reported In this senes it occuired in 
four, three of which were our own One survived, so the cause could not be 
determined, but he showed evidence of hepatitis, including a 2+ cephahn floc- 
culation, a direct Van den Beigh reaction, and an icteius index of 100 . one had 
marked cirrhosis of the liver, and one showed at autopsy severe fatty meta- 
morphosis, and central lobular degeneiation of the livei cells The jaundice was 
hepatogenous in type in all four and one may speculate as to whether hepatitis 
c ontributed to the causation of the thrombosis or whether it i esulted from the 
absorption of toxic products from the gangienous bowel 

14 Roentgen -1 ay Findings — ^Roentgen-ray examination of the abdomen 
v'^as made in only nine cases, in two of which a tentative diagnosis of mesen- 
teric thrombosis was made by Dr Meyei Teitelbaum, who has since reviewed 
all of the films and compared them with his special file on intestinal obstiuc- 
tion He states that, “Analysis of the films of these patients indicates that 
in no case weie they absolutely normal The deviations do not, however, 
lollow any fixed pattern nor can they be correlated with the natuie, site, 
extent, or duration of the vascular occlusion in such fashion as to permit a 
definite preoperative diagnosis ” Having thus satisfied his craving for 
meticulous accuracy, he makes it clear that (1) ileus of vaiying grade was 
present in all cases, (2) the colon, contrary to w4iat is usually seen in 
mechanical obstruction, usually contained a normal amount of feces and gas , 
and (3) while one group showed findings similar to those seen in gastro- 
enteritis 01 m partial obstruction, the other simulates mechanical obstruction, 
especially with strangulation and peritonitis Such findings, while admittedly 
not diagnostic, should uige the suigeon tOAvard early exploration 

DIAGNOSIS 

The diagnosis of this disease can usually be made or suspected if it is 
given consideration When an acute abdominal crisis is encountered, several 
points should direct attention to it 

1 A history or physical findings of any of the before-mentioned predis- 
posing causes 

2 The character of the onset, which is in general of two types 

a A sudden transformation from a picture of advanced cardiovascular 
disease to one of an acute abdominal catastrophe 

b A gradual transition from a mild “colic”, with or without diarrhea. 
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lo a pictuie of paitial intestinal obstiuction, and finally to one of intestinal 
strangulation 

3 The caih dinnnution oi disappeaiancc of peiistalsis in a case in which, 
attci due consideiation of the common causes of “the acute abdomen”, intes- 
tinal obstiuction seems the most piobable one 

4 The appeal ance of a high leucoc)tosis in such a case befoie peritonitis 
c^exelops 

5 Roentgen-ray e\idence of ileus nithout evidence of evacuation of the 

tolon or. as sometimes occuis, nith diftuse dilatation of the entire small 

bowel and the light halU*^ or all of the colon We also feel that roentgen-ray 

evidence of fiee fluid in the peiitoneal cavity befoie peiitonitis develops is a 
>igmlicant sign 

6 Blood} stools 01 liiood in the lectum if not othenvise accounted for 

OPERATIVE FINDINGS 

A propel evaluation of the c\ idence w ill usually lead to exploration if the 
condition of the patient permits E\en then the diagnosis may be missed m 

the early stages, as w'e belie\e occuiied m tw'o cases in this senes, if one 

laiis to beai m mind the gioss pathologic picture so gtaphically described 
by Loop 

When the abdomeid^ is opened, a copious amount of peritoneal fluid 
escapes It is transpaient, sticky, ambei, oi, more often, blood-tinged, odoi- 
less, and wuthout coagulated l)mph All visible intestine may appear normal, 
though slightly distended The diseased portion may be entirely overlooked 
unless sought for deep in the pelvis The cyanosed, plum-colored, soggv, 
edematous intestine with glistening peritoneum free from exudate or adhe- 
sions, Its lumen relaxed but not gieatly distended, lies inert within the 
abdominal cavity, held down by the weight of the fluid within its lumen It 
contains htle gas The mesentery is a thick doughy mass dragging down 
over the brim of the pelvis as though adheient Thrombosed vessels may 
often be seen and felt This desciiption taken almost verbatim from Loop 
applies to the stage before gangrene has developed From earlier experience 
w e can confirm it and add the observation that the bow^el distal to the involved 
segment is usually as much distended as is that proximal to it This is also 
true after complete infarcation It is evident that the paralytic ileus extends 
both proximal and distal to the ischemic segment 

Our recent experience includes no early cases Late in the disease when 
the abdomen is opened, a large amount of turbid, bloody, fetid fluid escapes 
The involved bow^el now lies in the abdominal cavity proper, presumably 
having been dragged up from the pelvis by the shortening of the mesentery 
that results from edema and hemorrhagic infiltration It is plum to chocolate- 
colored, with a greenish iridescent sheen, and lies heavily deep in the cavity 
If the gangrenous segment is small, it may be completely covered by flaccid 
distended loops of viable bow’-el, but if it is extensive, it may fill the entire 
field — an appalling sight Small wonder that many such cases have be^n 
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abandoned as hopeless A well-maiked line of demarcation may be seen 
occasionally, but usually theie is a slow gradation fiom black to purple to red 
to pink The bowel is lounded but not usually greatly distended It contains 
much bloody fluid but little gas, piesumably because the thick leathery wall 
resists distention On one pievious occasion we have seen a markedly dis- 
tended bowel in a case of sudden massive occlusion of the superior mesenteric 
artery In this instance the infarction had been so abrupt that the infiltration 
was minimal 

The- mesentery is thickened, edematous, and hemorrhagic The major 
vessels may be felt as thick cords, but are difficult to see The small veins 
stand out as reddish black lines in the pale yellow, red-splotched mesenterj^ 
When clamps are applied, they cut through the swollen tissue as if it were 
oily cheese and black worm-hke clots are extruded fiom the vessels 

Very late in the disease, if the patient survives long enough, peritonitis 
develops, whether or not perforation occurs 

PROGNOSIS 

Although the fourth case of mesenteric vascular occlusion leported to 
have been operated upon for this disease recovered,^'* 24 successful resections 
had been reported by 1921,-^ and a recovery rate of 68^o following surgery 
was estimated by J Meyer^® in 1931, results are actually still very poor The 
mortality reported by Meyer comes from a survey of the literature which 
abounds in successful case reports, and such reports are notoriously mislead- 
ing Larger consecutive series are more dependable Whitaker and Pember- 
ton record a mortality rate of 84^^ in 19 operative cases One of these 
cases was a volvulus which does not properly belong in this category 
Douglas^® had four recoveries m 11 patients he operated on, and Moore 
four in eight operated upon We report only one recovery in 19 cases, but 
only eight were operated on (Table I ) 

TREATMENT 

The mortality in our senes is so high that it does not seem to encourage 
surgical treatment but there aie several factors that favor some degree of 
optimism 

1 Seven of these patients were practically moribund from cardiovascular 
disease when the mesenteric occlusion occurred as a terminal event They 
were, of course, hopeless and should not influence our opinion as to the value 
of surgery in patients who are in reasonably good general condition 

2 The most extensive resection in this series (Fig 7) and numerous 
similar or more extensive ones reported have been successful Among these 
the amazing cases of Meyer and of Madding and Mclntire, each of whom 
resected all of the small bowel, except two to four feet, and the right half of 
the colon, and that of Grey-Turner, who resected ten feet of small bowel 
and performed a Caesarian section at the same time, are notable It is 
evident that if the patient is otherwise reasonably sound, resection is worth 
trying no matter how extensive the lesion 
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Fig 7 — A Massive gangrene of jejunum and ileum Twelve feet 
resected with survival of patient 


3 Many stngeons, including oui selves, have foimeily believed that mesen- 
teric thiombosis was almost inevitably piogiessive and would therefore 
spread to involve the anastomosis if lesection weie done Many case reports 
and our own experience show that this is not tiue Thiee of our cases 
survived the operation for eight or moie days The anastomosis healed and 
functioned in all three One developed another aiea of thrombosis with 
gangrene but at a distance from the site of the anastomosis 

Due to the eaily expeiience of one of us (JDR) with three cases of 
mesenteiic thrombosis, shoit of infaiction that weie tieated by enterostomy, 
with two recoveries, and to the high moitality of resection, we had formerly 
believed that such cases were best tieated conservatively, a view expressed 
by Ross We now believe that this is a dangerous practice, for most of such 
cases will piobably progiess to gangiene if the ischemic segment is not removed 
with a libeial margin of noimal bowel If resection is done at this stage, the 
mortality should be quite low 

The use of anticoagulants has not yet had a fair tiial m this disease 
A few successes have been i eported,^®> but not enough to be of real 
significance Theoretically, they should be of great value in both prevention 
and tieatment (1) The foimation of clots in the heart may be prevented, 
thus lessening the danger of embolism to the mesenteric as well as to other 
vessels,^® (2) mesenteric thrombosis shoit of infarction may be arrested 
befoie fatal ischemia develops and (3) the spread or recurience of mesenteric 
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Fig 7 — B Contrast study of gastro-intestinal tract done three and one-half 

weeks after operation 

thrombosis after resection may be prevented Our own experience has been 
somewhat discouraging Three of our patients survived long enough to pei mit 
a trial One had recently suffered massive hemorrhage from esophageal varices, 
so we dared not use anticoagulants Heparin was tried in the other two, but 
one developed melena of severe grade on two occasions, and the other bled 
into and around the operative wound Pei haps our control of clotting time 
was not accurate Certainly we believe that anticoagulants have value and 
should have a thorough trial, but wide resection of the diseased bowel is 
necessary when infarction has occurred, and we believe that it is desirable in 
all cases suitable for operation 

CONCIUSIONS 

1 The mortality of mesenteric vascular occlusion is extremely high because 
fa) many patients are in extremis from caidiovascular disease when it 
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occuis and (b) in most otheis diagnosis and tieatment are too long delayed 
The fiist cause is unavoidable, but the second fiequently is not 

2 Pathologically, mesenteiic vasculai occlusion can be classified as em- 
bolic or thrombotic and as arterial, venous, or combined, but no such differen- 
tiation can be made clinically Sudden complete occlusion of major mesenteric 
vessels produces a i ecogni/abl)^ diffeient pictuie, but all other mechanisms 
pioduce essentiall}^ the same syndiome 

3 Featuies that aid in diagnosis aie (a) a histoiy of a known predisposing 
cause, (b) the chaiactei of the onset, (c) the eaily disappearance of peris- 
talsis in a case of suspected intestinal obstiuction, (d) the occurrence of a 
high leucocjdosis , in such a case without evidence of pentonitis, (e) the 
development of shock when all other evidence points towaid paitial ob- 
sti uction 

4 The tieatment for all types of the disease should be the same because 
the effect on the bowel is the same and the ischemia usually progresses to 
infarction Radical resection of the bow^el is essential when gangrene has 
developed, and is, we beliCAe, advisable in all cases Anticoagulant theiapy 
ma)'’ prevent mescntei ic vasculai occlusion and may be of value in postopei ative 
tieatment, but cannot, at this time, be recommended as definitive treatment 

Note — We would hkc to express our appreciation of the invaluable assistance of 
Dr Harvey Colvin, Head of the Department of Pathology at Touro Infirmary, and of 
Dr Iile 3 'er Teitelbaum, Head of the Touro Infirmary’s Department of Radiolagy 
Dr Colvin made a complete review of all the pathologic mateiial m this series, and his 
interpretations formed the basis of our analysis Dr Teitelbaum compared all the 
roentgenograms w'lth his special file on intestinal obstruction and made a searching 
analysis of them for us 
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Discussion — Dr L H Strug, New Orleans I would like to take this opportunity 
to show some interesting features of several of our cases (slides) 

The first slide shows a schematic drawing of the small and large bowel, showing 
the approximate amount of small bowel involved m the infarction and extent of resection 
Eleven feet of jejunum and ileum were involved as a result of the mesenteric thrombosis, 
and twelve feet of small bowel was resected, with survival The next slide shows the 
gangrenous bowel, with the gradation on each end to normal appearing bowel 

The next slide is taken from a gastro-intestinal x-ray senes which was done approxi- 
mately four weeks following surgery, and shows the remaining small bowel, which is 
estimated to be between four and six feet in length 

The next slide is from our case of mesenteric thrombosis, m which intestinal lipo- 
dystrophy (Whipple’s disease) is held to be the causative factor This slide shows the 
greatly magnified intestinal vilh, which is considerably enlarged due to numerous fat 
deposits and large number of foam cells, characteristic of this disease Next is another 
microscopic section showing extrinsic compression of a venule by the large foam cells 
and fat deposits 

This slide is from our case of disseminated lupus erythematosus, which shows the 
characteristic hyaline degeneration of tlie wall of the arterioles This section is taken 
from the stomach wall Next is shown typical arteriolar involvement in the periadrenal 
vessels The next slide, from a section of the intestinal wall, shows normal mucosa, 
ulceration and involvement of the venules with thrombosis The occurrence of this 
pathologic piocess in the stomach and small bowel is unusual 

The next two slides are from a case which Dr Lucian Landry kindly allowed us to 
use in our series The first is a schematic drawing of the large and small bowel, which 
attempts to depict the three episodes of mesenteric vascular occlusion, with the terminal 
one resulting in infarction, perforation, peritonitis and death The second slide shows the 
three episodes of mesenteric venous occlusion The oldest and first episode is to your 
right, showing a venous thrombosis, which is old, and organized, with some evidence of 
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1 ecanahzation , the middle section shows a somewhat more recent venous thrombosis, 
with some organization, and the one to the far left shows an extremely recent venous 
thrombosis, with a laminated thrombus and no organization whatsoever 

The final slide is a table showing the extent of involvement of our 19 cases, one case 
having infarction in the mesentery alone, two having perforation and peritonitis with 
minimal infarction, and the extent of resection in the four cases in which this was done 

Dr James D Rivrs, New Orleans (closing) The cases we have reported did not 
include an example of mesenteric thrombosis due to a blood dyscrasia, nor have we found 
an authentic case in the literature Dr George Curtis has just reported to me a case 
following splenectomy for thrombocytopenic purpura It is probable that it is a case of 
thrombosis of the superior mesenteric vein resulting from the tremendous increase in 
platelets that commonly follow splenectomy for throbcytopenic purpura However, it 
must be remembered that thrombosis of the splenic vein frequently occurs following 
splenectomy and that it may spread to involve the portal and mesenteric veins Doctor 
Curtis’ case may therefore have been the result of the splenectomy rather than of 
purpura per se 
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Temple, Tek 

FROM THE SURGICAL SECTION, SCOTT A WHITE HOSPITAL, TEMPLE, TEXAS 

Benign tumors or the mesentery occur raiely and lymphangiomas m 
ihis location ai e especially unusual According to Biaquehaye’s^ account, Bene- 
vieni, 111 1507. was the fiist to obsene a cystic tumoi of the mesentery, and 
Carson,- m 1890, made the fiist Ameiican repoit of a chyle cyst of the mesen- 
ter}'" Geister^ wiote m 1939, there were approximately 500 cases of chyle 
cysts reported in the hteiatuie Murback, Lewison and Diebert^ stated that 
the great majonty of the leported abdominal 1) mphangiomas have involved 
the omentum and that the letiopeiitoneal and mesenteiic types have occurred 
much less fiequently 

A l 3 'mphangioma is usuall} desciibed as a neoplasm consisting largelv of 
endothelial lined spaces containing lymph Wegnei’s'" original classification of 
1} mphangiomas is gencially accepted although tiansition types are sometimes 
seen 

simple lymphangioma 

A ciicumsciibed spelling composed of dilated lymph vessels in a vei} 
cellulai connective tissue stioma This tvpe is usually seen m infants and 
children, involving the skin and subcutaneous tissues of the face and neck 

CAVERNOUS LYMPHANGIOMA 

A spong)^ tumoi , composed of dilated lymph vessels, m an actively growing 
lymphoid stroma This foim is seen moie often about the face, tongue, neck, 
mesentery and the reti opei itoneal i egions 

CYSTIC lymphangioma. 

Cystic lymph spaces, usually endothelial lined, m a lymphoid stioma Cystic 
lymphangiomas may be seen m the neck, the supra oi infraclavicidar regions, 
the axillae, the reti operitoneal space, the mesentery and the inguinal regions 

ETIOLOGY 

Most writers favoi the opinion that lymphangiomas aiise from embryonic 
tests of lymphatic tissue As pointed out by Singleton,*^ wherever these centers 
exist congenitally, such tumors are possible This is substantiated by the pre- 
ponderance of the tumors in the region of the jugular, subclavian, axillar}?’, iliac, 
femoral and mesenteric lymph sacs 

Several investigators felt that lymph stasis following chronic lymphadenitis 
might be an important factor in tlie etiology of lymphangiomas However, 
Ewing’’’ was able to demonstrate free communication between the afferent and 


^Read before the Southern Surgical Association at Hollywood Beach, Florida 
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efferent lymph vessels in several lymphangiomas and concluded that stasis 
could not have been an important etiologic factor 

SYMPTOMS 

The tumor may be asymptomatic and incidentally found at the time of an 
abdominal opeiation or at necropsy If the lesion is large enough, the patient 
may notice an abdominal tumor, or there may be a feeling of tension due to 
inci ease in the size of the abdomen Occasionally a patient complains of abdom- 
inal pain which is usually intermittent, aching, dull, and rather constant in 
position 

diagnosis 

An exact diagnosis is fiequently impossible but careful physical examina- 
tion and roentgenographic studies may inform the examiner that the adjacent 
viscera are normal and assist in the localization of the tumor If the mass is on 
the right side, one must exclude enlargements and tumors of the gallbladder, 
duodenum, adrenals, panel eas, liver and light kidney On the left side, lesions 
of the stomach, spleen, left adrenal and left kidnev must be considered Pneu- 
moperitoneum, followed by roentgen examinations, may assist in the differential 
diagnosis However, fiequently exploratory celiotomy must be performed 
before an accurate diagnosis of the abdominal tumor can be made 

TREATMENT 

Excision IS the treatment of choice if it is mechanically feasible According 
to Roller,® simple enucleation of the cj’-st has been associated with a mortality 
of 9 per cent When resection ot intestine must alsP be done, the moitality is 
given as 25 per cent to 30 per cent Aspiration of pait, or all of the cyst con- 
tents may facilitate the excision If excision is associated with too great a risk, 
or mechanically is not feasible, marsupialization may be done Healing usually 
occurs in a few weeks following Tiiaisupialization Roller® states that marsupi- 
alization has a mortalit)'’ rate of 16 pel cent However, it should be recalled 
that marsupialization is usually done in cases whcie excision is impossible oi 
impractical 

We wish to present a case of a lathei large lymphangioma of the mesentery 
of the jejunum 

REPORT or CASE 

A white male, aged four vears, was presented at the Clinic for Examination on 
March 14, 1947, because of abdominal pun of three days duration and history of 
increasing size of the abdomen since infancy The family history was essentially normal 
Past history revealed fairly frequent respiratory infections and an otitis media two years 
previously Tonsillectomy had been performed in 1945 

The parents of the child stated that there had been some enlargement of the patient’s 
abdomen since birth but that his health had otherwise been essentially normal until the 
onset of the episode prior to his admission to the Clinic Approximately three days prioi 
to his registration the child developed abdominal pain in the epigastrium This discomfort 
was mild, did not stop his playing and was intermittent in type The local phj sician 
examined the boy, told the parents there was fluid present m the abdomen and referred him 
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to the Clinic There were no othei symptoms His appetite was good and his weight 
was noimal foi his age and height 

Physical cianiiuatwn revealed a well developed and nouiished white male of four 
years who did not appeal to be ill Weight 35 pounds, temperatuie 100 degrees rectally, 
pulse 112, lespiration 22, blood piessuic 105/70 

There was no palpable lymphadenopathy Examination of the head and neck was 
normal There weie no demonstrable abnoimalities of the heart and lungs The abdomen 
was distended and the umbilicus was everted There was a suggestion of a palpable mass 
in the right upper quadrant, the right lower quadrant and the left upper quadrant of the 
abdomen One could not be suie if these were lobulations of one tumor or separate 



Fig 1 — Drawing of the tumor, showing the large multicystic 
' lymphangioma of the mesentery of the jejunum 

tumors There was dullness to percussion over these areas but no fluid wave was elicited 
The largest mass was thought to be five or six inches m diameter and none of the 
areas were tender Examinations of the rectum and genitalia were normal 

Labotatoiy reports — Urinalysis normal Hematology March 14, 1947, hemoglobin 
10 5 Gm per 100 cc of blood Erythocytes 4,520,000 Leucocytes 9,700 Differential 
neutrophiles, 50% Lymphocytes 45% Monocytes, 1% Eosinophiles, 4% Hematology 
March 18, 1947, hemoglobin 13 5 Gm per 100 cc of blood Erythrocytes 4,710,000 
Leukocytes 7,250 Differential neutrophiles, 75% Lymphocytes, 25% Sedimentation 
rate 20 mm per hour Blood morphology moderate hypochromia, otherwise normal 
smears Blood chemistry blood urea, 23 milligrams per 100 cc of blood 

Roentgenogram of the chest was negative A flat plate roentgenogram of the abdomen 
revealed an indefinitely outlined soft tissue mass m the abdomen with questionable fluid 
present The intravenous pyelogram showed normal function of both kidneys The right 
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ureter was kinked at the level of the fourth lumbar vertebrae, apparently induced by an 
extrinsic mass 

The patient’s patents were advised Lhat the boy probablv had mesenteric or omental 
cysts and on March 17, 1947, exploratory celiotomy was performed through an upper 
transverse abdominal incision Theie was a large mass approximately ten inches in 
diameter and five pounds in weight which almost filled the abdomen No viscera were 
Msible anterior to it 

The tumor was delivered into the wound and it was apparent that it consisted of 
numerous large cystic masses in the mesentery of the jejunum The afferent and efferent 
loops of jejunum entered the neoplasm at opposite ends and the intervening 25 cm of 
jejunum were densely incorporated in the tumor It was impossible to remove the 



Fig 2 — Higher power microscopic appearance, demon- 
strating the numerous, diffuse lymph spaces located in a fibrous 
stroma containing many lymphocytes 


growth without resecting a segment of the jejunum Therefore, a segment of the jejunum 
was resected and the mass removed The ends of the jejunum were closed and a side 
to side jejunojej unostomy performed After lemoval of the tumor, examination of the 
remainder of the abdomen did not reveal any other tumors or gross abnormalities except 
rather diffuse mesenteric lymphadenitis 

The pathologist reported the tumor measured 22 x 20 x 7 cm and w'eighed 2033 Gm 
The relative large size of the tumor is better appreciated by realizing it constituted 
approximately one-seventh of the boy’s weight The lesion was multicystic and filled with 
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H thick milky fluid Hemoiihage had occurred into some of the cystic spaces, imparting 
a reddish color to these areas There was no evidence of infiltration into the bowel by 
the tumor Micioscopic sections revealed spaces lined with endothelium and a rather 
large amount of lymphoid tissue m the connective stioma Laboratoiy studies of the 
contents of the lymphangioma levcaled a milky'^ alkaline fluid with specific gravity of 
1,020 Cholesterol, 88 mg pei 100 cc Cell count of the fluid showed lymphocytes, 
84% , neutrophiles, 14% , eosinophiles, 2% Erytlirocytcs 13,600 Leukocytes 2,300 
Cultures of the fluid did not reveal any growth aftei 48 hours 

The patient’s postoperative convalescence was cntiiely uncomplicated and he was 
dismissed from the hospital on the thirteenth day following the operation Observation 
three months after surgery revealed his general condition to be good and roentgenograms 
showed a normally functioning jeiunojej unostomy There was no evidence of recurrence 
of the lymphangioma 

CONCLUSIONS 

1 Tumors of the mesentery should be given consideration in the diifei ential 
diagnosis of abdominal neoplasms 

2 Benign tumors of the mesenteiy occur raiely and lymphangiomas are 
especially unusual 

3 Most lymphangiomas piobably begin in embryonic rests of lymphoid 
tissue 

4 Caieful ph}sical examination and i oentgenogi aphy aie the gieatest aids 
ui diagnosis 

5 The tieatnient of choice is excision of the lymphangioma When this is 
not feasible, maisupiahzation may be done 

6 A case of a laige lymphangioma of the mesenteiy of the jejunum is pre- 
sented The tumor, including a segment of the jejunum, was removed and a 
jejunujejunostomy perfonned, with an uncomplicated lecoveiy 
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ENTEROGENOUS CYSTS OF THE DUODENUM" 

Repoit of a Case That Is Unusual If Not Umque 

W Lowndes Peple, M D 

McGuire Clinic, St Luke’s Hospital 
Richmond, Va 

Enterogenous cysts aie said to be fetal inclusions and may be found 
anywhere m the intestinal canal They aie i elated to the diverticula, as 
described by Meckel and othcis The cyst may be likened to a diverticulum 



Fig 1 — X-ray showing the blocking of the pylorus 


which has been cut off, so to speak, with no open end m the lumen of the 
intestine Thus it becomes a nidus of secreting cells buried within the wall of 
the intestine Structurally it is composed of the coats of the intestine greatly 
thinned out It is submerged in the bowel wall and is filled with a clear or 

=*'Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesday, December 10, 1947 
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}ellowisli fluid It manifests its piesence by obstiuctive symptoms and is 
seldom if cvei diagnosed befoie operation 

Entei ogenoiis cysts of the duodenum cany a high opeiative moitality, said 
to be 50 per cent This is due to two factors fiist, the very tender age of 
these patients and the weak and depleted conditions m which they come for 
treatment , secondly, the location of the lesion close to the entrance of the ducts 
from the liver and panel eas The ideal opeiation, of couise, is complete exci- 
sion Diveision into the lumen of the bowel and diainage of the cyst have 



Fig 2 — Showing tumor distending the duodenum 


been tried One operator by-passed the lesion successfully by doing a gastro- 
enterostomy 

A brief summary of the cases of this condition reported to date follows 
Gardner and HarH of Durham, North Carolina, reported a successful opera- 
tion on a girl of 15 years In a careful review of the literature up to that time, 
they found only six other cases — all infants Their case has remained the 
oldest reported up to the present Shallow, Wagner, Jr , and Manges^ of 
Philadelphia reviewed the literature up to April, 1947, and were able to find 
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but 13 cases (including the seven mentioned above) To these Dr Shallow 
added his case, making a total of 14 altogether It is significant that of these 

14 cases, ten were between birth and four months of age, and the oldest was 

15 years My own case, at the age of 69, must therefore be regarded as 
unusual if not unique 

CASE REPORT 

Mrs ERR, age 69 years, married, with three children She was strong, very ath- 
letic, and gives no history of any digestive trouble in early life 

About 24 years ago she had some digestive disorder and took soda for its relief She 



Fig 3 — Showing incision made in the stomach and exposure of the tumor 


later consulted a physician who obtained a negative cholecystogram and advised a gastro- 
intestinal roentgenogram Later her digestive symptoms returned and a gastro-intestinal 
roentgenographic study was made June 18, 1924 The same roentgenologist who exam- 
ined the gallbladder reported a large penetrating ulcer of the lesser curvature of the 
stomach several inches above the pylorus The duodenum was negative 

She was put on an ulcer diet and recovered A follow-up of the roentgenogram showed 
the ulcer healed She got along with little or no discomfort until the early spring of this 
year, 1947, when she again had epigastric pain, discomfort and regurgitation of partially 
digested food On March 19, 1947, a gastro-intestmal roentgenographic study was made 
The report is as follows “Stomach There is a good deal of spasm of the pyloric antrum, 
and the duodenal cap shows a gross central deformity with more or less smooth outline, 
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the banum being displaced, giving the cap a ung-Iilce appearance We believe this to be 
due to a nonniahgnant tumoi of the duodenal cap ” 

She was admitted to St Luke’s Hospital, Apiil 10, 1947 The only indications for 
operation were the history and roentgen-ray report The physical examination was negative 
There was no tumor mass nor tenderness 

On April 11th under general anesthesia an upper right rectus incision was made The 
gallbladder was quite normal The stomach was normal in su-e and position In the 
pylorus and first portion of the duodenum could be felt a tumor, soft and semi-elastic, that 
could be pushed through the pylorus A transverse incision was made just proximal to 

the pyloric ring, into the stomach Now 
^ - it was seen not to be a pedunculated 
/ ' tumor or polyp, but a semi-elastic tumor 

X- or cyst within the anterior wall of the 

/ duodenum and definitely reducing the size 

/V ' k’ J of the pyloric lumen By manipulating 
^ ■''X the tumor with a finger inside the py- 

J lorus we slipped the outer coats of the 

y \ / stomach down and then made an incision 

® \ ^ ' / tumor wall and dissected it 

jl' fiom Its bed in the wall of the duo- 

W. ' {( denum We did not open the lumen of 

f/t ’/ \ t f j the bowel but preserved its mucosa in- 


Tlie tumor was about three inches in 
length by one inch in diameter, and con- 
sisted of two thin walled cysts, in tandem, 
like a dumbbell They dissected out eas- 
ily with little bleeding The wound m the 
duodenal wall was closed with chromic 
gut to abolish the dead space Next the 
incision in the stomach was closed in the 
usual way, using blacksilk in the outer 
layer The postoperative course was un- 
eventful and her convalescence was with- 
out incident 

SUMMARY 
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\ ^ I Enteiogenous cyst of the duo- 

I ' denuni is a rare condition This 

I‘ 'y> if case IS appal ently unique because of 

/ ,'jU the patient’s age, 69 years The con- 

y y,/\ dition is generally regarded as con- 

genital and yet there is no histoiy 

Fig 4 -Showing the two cysts in i^^stance of any gastric trou- 

tandem and how nearly they have closed ble in early life In fact, we have 
the duodenum , , , , 

roentgenologic evidence that there 

was no tumor present 23 years ago when the patient was 44 yeais old The 

symptoms for which she finally sought relief were manifest m the spring of 1947 

when the obstructive symptoms began For a benign tumor to develop in the 

stomach of a woman 69 years of age, occurring without bleeding and without 

loss of weight, was of itself unusual If the oiigin w^as congenital why did it 


Fig 4 — Showing the two cysts m 
tandem and how nearly they have closed 
the duodenum 
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wait 68 yeais to manifest its presence and wliat was tlie factor that activated 
its giowth? These questions I liopc may be solved b}'’ some Iistenci oi reader 
more versatile than I 
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Discussion — Dr Chari ls W AIa^o, Rochester, Alinn I apologize for rising to 
discuss the subject of lymphangioma of the mesentery inasmuch as I am one of the great 
majority of surgeons who have never seen or dealt witli such a condition AI> excuse is 
that I want to cite the experience at the Alayo Clinic regarding tliese cysts 

Ewing has classified cysts of the mesenterj under four heads (i) lymphatic or 
chylous, (2) enteric, (3) urogenital, and (4) dermoid or teratoid cysts 

At the Adayo Clinic, cjsts of the mesenterj' have been observed in 175 cases, in onlj 
seven of which the cysts where lymphangiomas I should like to call attention to one 
such case reported by Beahrs and Judd* in Julj' of this jear, in which the operation 
consisted of marsupialization and drainage The patient was a woman 37 years of age, 
who had a four months’ history of difficultv related to the condition At operation a large 
tumor was found, which had markedly displaced the other organs in the region A total 
amount of about 12 liters of chyle was removed from the multiloculated cyst 

There are a few points of importance regarding lymphangioma of the mesenterj' 
These cysts are multiloculated and one must try to break down the ^anous septa at the 
time of drainage One must anticipate infection at the time of drainage and for that 
reason must administer streptomycin or penicillin after the operation and must place m 
the cavity some sclerosing agent to help obliterate the sac Another point is that drainage 
should be continued for at least a week or ten days after one thinks the drains should be 
removed 

I was interested in the report of the Doctors Bnndlej' Aly idea of a good surgeon 
IS the one who considers before operation what might be found and then deals with it 
properly at the time of operation, as was done in the case reported by the Doctors 
Brindley 

Dr Dervl Hart, Durham, NCI thought it might be of interest to mention the 
case of an enterogenous cyst of the duodenum which Doctor Gardner and I saw in 1930 
or 1931 This was a child of 15 with a history of recurring attacks of vomiting There 
was a tumor which, at times, was quite prominent beneath the costal margin on the 
right, while at other times it would shrink until barely palpable, or Avould disappear 
entirely When it disappeared she was relieved of her symptoms, when it reappeared 
vomiting recurred At operation we found a mass which appeared to be continuous with 
the stomach, and occupied the region of the first portion of the duodenum and had every 
appearance of a tensely distended duodenum The site of the pylorus could not be 
determined except by the location of the pyloric vessels The duodenum seemed to be as 
large as the lower portion of the stomach, was tenselj' filled, could not be emptied by 
pressure, and it was presumed that a cystic tumor was present beneath the musculature 
The position of the duodenal lumen could not be determined, since the musculature and 
vessels of the duodenum surrounded the entire mass The diagnosis had not been made 
before operation, but the suggestion had been made that it might be a cyst of the 
common bile duct 


* Beahrs, Oliver H, and Edward S Judd, Jr Chylangiomas of the Abdomen, 
Report of Case Proc Staff Aleet , Alayo Clin , 22 297-304, 1947 
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In order to determine the relationship of the lumen of the duodenum to this cystic 
mass an opening was made into the stomach above the pylorus It was found to be 
superior and anterioi to the tumor The cj^st was so large and so intimately attached to 
the pancreas that we felt its removal would be too hazardous As an alternative we 
anastomosed the cyst to the duodenum, thus converting it into a diverticulum We hoped 
that, since the duodenal musculature surrounded this diverticulum, its contraction would 
keep the diverticulum empty The patient reported her condition regularly until she was 
in her twenties Duiing this time she had married and had had several children 

Even though this operation has been entirely satisfactory, were I to do it again I 
would dnide a high loop of jejunum, bring the distal end up and anastomose it to the 
ci'st and reconnect the proximal end to the side of the jejunum distal to the anastomosis 
to the c^st This, I belieie, was the sixth or seventh case reported and the first to be 
cured or relieved of sj’mptoms 

Dr Dokkeil B Cobb, Goldsboro, N C Theie is little one can add to the inform- 
ative presentation Doctor Brindley has just made I would like to present one case 
which might be of interest since it deals with a child who was operated upon twice for 
lymphangioma of the mesentery, with an interval of six years between operations 

At the time of the first admission the child was years old During the previous 
year the parents had noticed that the child’s abdomen was gradually increasing in size, 
and the child complained occasionallv of an indefinite abdominal discomfort Four days 
before admission the child developed nausea, vomiting and constipation, and this was 
associated with a constant, rather severe pain centered about the umbilicus On admis- 
sion the child presented a seveie picture of intestinal obstruction and palpation of the 
abdomen revealed a large mass beneath the umbilicus about the size of a grapefruit 

At operation a very large cyst was found, arising between the leaves of the mesen- 
tery of the ileum The upper part of this cyst was adjacent to the origin of the superior 
mesenteric artery, in which neighborhood there exists the fetal retroperitoneal lymph 
sac from which arises the lymphatic vessels which dram the small intestine In 
attempting to remove the cyst, which was multilocular, it ruptured, spilling a large 
amount of milky fluid The sac, however, was easily removed by stripping it away from 
the mesenteric vessels with gauze dissection, and the opening in the mesentery was easily 
closed We did not experience the difficulty encountered by Doctor Brindley 

The pathologic picture showed the cyst wall to be composed of fibrous and vascular 
tissue of various density 

The child recovered and six years later was readmitted to the hospital During the 
interim she had been perfectly well Ten days before the second admission ‘she began to 
have pain in the left upper abdomen and, at that time, the parents first noticed a mass in 
this region about the size of an orange At operation this was found to be a similar but 
much smaller lymphangioma, arising between the leaves of the mesentery of the upper 
ileum It was readily removed in a like manner and the pathologic picture was similar 
to the original lymphangioma 

One of the most important points to bear in mind in dealing with any lymphangioma 
is the unusual danger of infection This was first pointed out by Doctor Singleton when 
he addressed this Association in 1936 At that time he emphasized the point that chan- 
nels draining lymphangiomata do not always pass through filtering lymph nodes and at 
times the lymphangiomata have a direct fistula connection with adjacent veins Thus, 
if infection does occur, it has ready access to the general circulation At that time 
Doctor Singleton quoted Dowd, who had collected 90 cases, most of whom were 
operated upon with a mortality of 42 per cent, and in nearly all the fatal cases death 
was due to infection 

Dr G V Brindley, Temple, Texas (dosing) I appreciate the discussions very 
much and, m particular, the interesting case reported by Doctor Cobb 
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JEJUNAL DIVERTICULOSIS COMPLICATED BY THE DEVELOP- 
MENT OF JEJUNO-COLIC AND JEJUNO-JEJUNAL FISTULAS - 

Report of a Case® 

Careington Williams, M D , and Lewis H Bosher, Jr , M D 

Richmond, Va 

Fiom the Surgic-il Scr\ice of the Mcdicil Co’lege of Virginia Hospital 

Surgical complications of jejunal diverticulosis are exceedingly raie 
Of the 350 odd cases of jejunal diverticulosis recorded in the literature, less 
than 60 developed complications requiring surgery A case of diverticulosis 
of the jejunum with jejuno-cohc and jejuno-jejunal fistulas is presented in 
this paper We have been unable to find any similai case in the literature 

In 1945, Walker-^ collected 32 cases of acquired diverticulosis of the small 
intestine with complications In tins review he excluded congenital diver- 
ticula of the Meckels’ type but included other single diverticula Among the 
122 cases of non-Meckehan diverticula of the jejunum and ileum presented 
by Benson, Dixon and Waugh “ of the Ma)m Clinic, theie were 13 cases with 
complications More recently several other case reports have appeared de- 
scribing complications of jejunal diverticulosis 

Approximately one-half of the recorded complications have lesulted fiom 
diverticulitis, the inflammatory process leading to peiitonitis vith oi \Mthout 
perforation, abscess foimation, or acute intestinal obstiuction from edema, 
kinking, or adhesions Enteiohths, parasites and othei foieign bodies, in 
many instances causing obstiuction, have been found in jejunal diveiti- 
cula Hemoirhage has been lepoited as a major complication in at 

least fom instances Acute and chronic intestinal obstiuction lesult- 

ing from a volvulus m association with jejunal diverticula, have been recorded 
three times Three cases of tiaumatic ruptiiie aie described m the 

literature 

Benson, Dixon and Waugh" have recently added seveial new complica- 
tions They presented cases in which there was evidence of chronic intestinal 
obstruction with dilatation and hypertrophy of the bowel, apparently on a 
functional rather than a mechanical basis They also reported a benign flbroma 
arising in a diveiticulum of the ileum and an adenocai cinoma in a jejunal 
divei ticulum 

CASE REPORT 

A colored female, age 41, was admitted to Saint Philip Hospital on December 12, 
1946, complaining of intermittent diarrhea, associated with tenesmus and fecal incontinence 
She stated that undigested food was frequently passed m the stools shortly after eating 
These symptoms had been present for 18 months Four four years the patient had suffered 
anorexia and occasional vomiting No blood or mucus had ever been noted in the stools 
During the year prior to admission she had lost a considerable amount of weight Liver 
extract had been prescribed for anemia Menopause had occurred at the age of 35 

■' Read before the Southern Surgical Association at Hollywood Beach, Florida, 
December 10, 1947 
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On admission the pulse was 86, respirations 18, temperature 99 degrees, blood pres- 
sure 100/56 Physical examination revealed a poorly nourished, emaciated female The 
mucous membranes were pale Abdominal examination showed slight distention and 
tympanj', but no tenderness No mass or organ was palpated Hyperactive peristalsis 
was heard 

Significant laboratory findings included an anemia of 3,900,000 red cells with 66 
percent hemoglobin, a calcium of 8 6 and total serum protein of 4 9 Stools were negative 
for blood, ova, and parasites 

A barium enema by Dr Edith Miller of Petersburg, Virginia, performed prior to 
admission had demonstrated a rather free connection between the transverse colon and 
the jejunum With exception of irritability and spasticity of the transverse colon, no 



Fig 1 Showing three jejuno-colic fistulas to the transverse colon 


other abnormalities were noted A gastro-intestinal senes failed to visualize a communi- 
cation between the small intestine and colon, but the barium entered the colon very rapidly, 
evidently through the fistulas 

After adequate preoperative preparation, an exploratory laparotomy was performed 
A large portion of the small bowel was found bound togethei by old, thick adhesions, and 
to this region the transverse colon was adherent Dissection revealed a large number of 
diverticula present m the loops of jejunum These were located on the anti-mesentenc and 
lateral portions of the bowel as well as along the mesenteric border Although most were 
small and covered with a thick bowel wall, some measured % mch m diameter and 
possessed only a very thin, transparent covering One of the thinnest was ruptured during 
dissection and was excised Three of the large diverticula were exercised and their bases 
inverted Further dissection uncovered tliree jejuno-colic fistulas to the transverse colon 
(Fig 1) These originated from a short segment of jejunum and the attachments to the 
colon were approximately 3 inches apart Each fistula measured 1 inch in length The 
fistulas were removed by clamping and dividing their bases flush with the jejunum and 
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colon Eight jejuno-jejunal fistulas were also demonstrated, but these were not dis- 
turbed (Fig 2 ) 

Pathologic examination showed the thin wall of the large diverticula to contain only 
mucosa and a thin layer of musculans while the fistulas were made up of normal jejunal 
wall with all its layers 

Postoperatively the patient did well with the exception of one episode of atelectasis 
in the right lower lung Diarrhea was checked immediately following operation 

A follow-up five months after operation disclosed that the patient was asymptomatic 
and had gained thirty pounds in weight A barium enema made at this time revealed an 
additional connection between the splenic flexure of the colon and the small bowel It was 
not clear whether this fistula had been overlooked at the time of operation or whether it 



Fig 2— The jejuno-jejunal fitstulas One small and one large 
diverticulum indicated by arrows 


had formed during the postoperative period A gastro-intestinal series failed to demon- 
strate the connections The absence of any functional shunt in the direction of jejunum 
to colon probably accounted foi the freedom from symptoms 

Discussion — ^Jejuno-colic fistulas arising from peptic ulceration and from 
neoplastic invasion aie not uncommon In addition, there have been in- 
stances in which this complication has resulted from sigmoid diverticulitis 

Since no diverticula were noted along the colon, it is assumed that the 
formation of fistulous tracts between jejunum and transverse colon and 
between loops of jejunum -developed from jejunal diverticulitis with secondary 
erosion into neighboring bowel This is further indicated by the gross and 
microscopic examinations which showed the fistulous tracts to be of jejunal 
origin Diarrhea and malnutrition followed the establishment of jejuno-cohe 
fistulas 

A predisposing factor in this unusual complication may have been the 
location of many thin diverticula on the anti-mesenteric and lateral sides of 
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the bowel In 1906, Gordiiiier and Sampson^®, compaiing jejunal and sigmoid 
diverticula, stated (with lefeience to the former) “Their usual situation 
between the folds of the mesentery lendeis them less likely to undergo 
pathologic changes than those hanging fiee” Here he refers to the location 
of sigmoid diverticula on the anti-mesenteric and lateral borders and the 
occurrence of complications m these Howevei, additional factors rendering 
jejunal diveiticula somewhat immune from inflammatory changes are the 
liquid nature of the fecal stream m this legion and the wide openings of the 
diverticula into the bowel tending to eliminate stasis 

The usual location of multiple diveiticula of the jejunum between the 
leaves or just to one side of the mesenteiy has been noted by almost all 
authois Single diveiticula have not infrequently been found on the anti- 
mesenteric boi der, this location perhaps indicating a congenital origin 
Edwards*' stated that multiple jejunal diverticula aiose just to one or the 
other side of the mesenteric attachment, corresponding to the entry of the 
blood vessels supplying the bowel wall Klebs^^ first contended that the 
blood vessels created a weak spot in the intestinal musculature thus permitting 
herniation of the mucosa as a small diverticulum This theory of the produc- 
tion of diverticula in association with the entry of blood vessels through the 
muscle layers, just to one side of the mid-line on the mesenteric border, has 
gained acceptance by many authors However, it is now generally agreed 
that the small jej’unal diverticula do not represent true herniations of the 
mucosa but rather are covered bv all layers of the intestinal wall Many 
other theories have been proposed to account for the production of jejunal 
diverticula Fraser® demonstrated an absence or weakness of the longitudinal 
muscle layer in the mesenteric regon Rankin and Martin’^® concluded that 
an inherent weakness in the bowel in addition to inci eased intra-intestmal 
pressure were the major factors However, the role of increased intra-intes- 
tinal and intra-abdominal pressures is difficult to evaluate and the importance 
of sclerosis of mesenteric vessels, increased venous congestion, fatty deposits 
and other proposed factors cannot be substantiated In order to produce an 
effective increase in intra-intestinal pressure, Edwards® contended that an 
irregular, segmental contraction of the bowel wall was necessary with relaxa- 
tion of the intervening segment 

Benson, Dixon, and Waugh^ stated that jejunal diverticula might occur 
in any position around the circumference of the bowel, the majority being 
situated along the mesentery or within its leaves These authors did not 
state whether this applied as well to multiple as to single diverticula In our 
case, many diverticula arose directly on the lateral and anti-mesenteric sides 
of the bowel Association of these diverticula with entry of blood vessels 
through the muscle layers of the bowel wall ivould still be possible since 
branches of the arteiial supply penetrate at mcieasingly oblique angles around 
the circumference at various intervals fiom the mesenteric edge 
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Formerly, a careful distinction was made between “true” and “false” 
diverticula, the formei term indicating those m which all layers of intestinal 
wall were present, the lattei m which only mucosa and seiosa were found 
This distinction has also been the basis of division into congenital and 
acquired diverticula Edwards® in his extensive discussion of the subject 
stated that the mucous membrane herniated through a weak spot in the 
muscle wall carrying a few muscle fibers with it A similar view was ex- 
piessed by Fraser® However, Butler^ claimed that m the early stage the 
diverticulum consisted of all coats, the mucous membrane latei herniating 
thiough Rankin and Martin,^® and Benson, Dixon and Waugh^ likewise 
pointed out that diverticula, when small were covered by all layers of the 
bowel wall Schmidt and Guttman-® found all the stages of transition between 
the two forms, and expiessed the view that much confusion would be avoided 
if diverticula were refeired to without reference to the presence or absence 
of muscle layers It has even been stated that congenital diverticula may 
become sufficiently enlarged and stretched as to show the characteristics of the 
so-called “false” type 

Although the smaller, thick wall diverticula in oui case weie not removed, 
grossly they gave the appearance of possessing essentially normal bowel wall 
in contrast to the large, thin, transparent diverticula which showed no muscu- 
laris externa microscopically 

Although many jejunal diverticula were present only a few were demon- 
strated by gastro-intestinal roentgen-ray study Difficulty m radiologic 
diagnosis has been frequently mentioned and attributed to the wide openings 
of the diverticula In 1920, Case® presented the first five cases diagnosed by 
roentgenogram In 1937, Johns^^ found only 26 cases diagnosed by roentgen- 
ray examniation and of these, only 17 had been confirmed by operation That 
multiple diverticulosis of the jejunum has been recognized with inci easing 
frequency on roentgen-ray examination is illustrated by the fact that 16 of 
the 122 cases presented by Benson, Dixon, and WauglF were diagnosed by 
barium studies Ritro and Votta^’’^ found 25 cases of multiple diverticulosis 
of the small bowel out of 4,786 roentgen-ray studies of the gastro-mtestinal 
tract over a period of 2J4 years, an incidence of one-half pei cent 

The symptoms presented by our patient resulted primarily from the 
presence of jejuno-colic fistulas However, anorexia and intermittent vomit- 
ing may well be attributed to the presence of multiple diveiticula In the 
absence of frank complications, multiple diverticulosis of the jejunum is a 
relatively silent disease A few patients however, will complain of abdominal 
discomfort, flatulence, anorexia, and epigastric pain tending to ladiate to the 
left of the umbilicus Epigastric pain and fullness are said to be lelieved by 
lying down Ritro and Votta^'^ stated that 22 of then 25 patients diagnosed 
by roentgen-ray gave a history of abdominal complaints, anorexia being 
present in 50 per cent and nausea and vomiting in almost 50 per cent Epi- 
gastric distress was the most common complaint The absence of symptoms 
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associated with jejunal diveiticula is piobably related to minimal stasis in the 
sacs and to the piesence of only a thin muscle layer coveiing the diverticulum 

summary and conclusions 

1 A case illustiating a laie complication of jejunal diverticulosis is pre- 
sented 

2 The occuiience of multiple jejuno-colic and jejuno-jejunal fistulas in this 
case may be attiibuted to the piesence of multiple diveiticula along the 
lateial and antimesenteiic boideis as well as the usual mesenteric location 
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Discussion — Dr Lucian H Landry, New Orleans There is nothing that I can 
add to Doctor Williams’ splendid presentation I only wish to add a case to this report 
that came under my observation in October of this year, of a single giant diverticula 
of the jejunum, without fistulae, however, which presented numerous difficulties so far as 
diagnosis was concerned In fact, I think we tried to make almost everj-' diagnosis fit 
the case from ruptured intervertebral disk to housemaid’s knee’ 

The patient had frequent melanotic stools with griping pains m the umbilical region, 
so much so that it was thought he might have a liver abscess Mesenteric thrombosis 
was also consideied, as well as possible reduplication of the jejunum Later he developed 
a large tympanitic mass filling the epigastiium, which we took to be a dilated stomach 
and suggested inserting a Levine tube to allow the gas to escape The patient stated that 
It could not be stomach as the mass was still present after vomiting We then had a 
gastro-intestinal picture made, which you ivill see in the slides, showing some barium in 
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the stomach which is riding above this large balloon-like mass, fully the size of a large 
grapefruit, partly filled with barium The second slide shows the large baloon fairly 
well emptied of barium but still leaving a large gas bubble Even our very good radiolo- 
gist refused to “stick his neck out” and make a positive diagnosis from this picture 

At operation we found a large solitary diverticula of the jejunum A resection and 
anastomosis was done without any difficulty, but unfortunately the patient died of a heart 
complication 

Dr Lon Grove, Atlanta, Ga I have enjoyed Doctor Williams’ interesting discus- 
sion We have recently seen a 69-year-old woman with a small bowel obstruction due 
to multiple diverticuli of the ileum This is the first time vve have encountered small 
bowel obstruction caused by diverticuli This patient was admitted with symptoms of 
small bowel obstruction with ileus and was treated with Miller-Abbott tube Later, 
x-rays were made, and we w'ere able to demonstrate several large diverticuli of the 
terminal ileum with no other cause for obstruction Because of her age, if further 
evidence of obstruction is manifested, w'e will probably advise ileo-colostomy The diag- 
nosis was made only a few days before I left Atlanta and we were unable to have a 
slide prepared for this meeting 

Dr James D Riv'es, New Orleans I am in a position somewhat similar to that of 
Doctor Mayo — I w'ant to discuss a condition that I have not yet seen A short time ago 
I operated on a patient with an acute penetrating ulcer, with duodenal obstruction 
resulting from inflammatory reaction which made resection not feasible at that time It 
was demonstrated on gastro-intestmal study that he had multiple diverticula of the 
jejunum As might be expected, he developed a gastrojejunal ulcer I resected the 
involved section of the jejunum and did a subtotal gastrectomy with an anterior Polj'a 
anastomosis The base of the ulcer was the wall of the transv erse colon The segment of 
the jejunum used in the anastomosis contained no diverticulum so far as I could tell 

There was relief for about three months and then symptoms recurred Directlj 
opposite the anastomosis is a large diverticulum hung on the transverse colon The 
patient has refused further operation, for which no one can blame him, j'et it seems to 
me he will develop a gastrojejunocolic fistula if something is not done about it, and since 
he has twenty-five or thirty diverticula distal to the anastomosis, it is difficult to decide 
what should be done 

Dr Joseph E J King, New York About four years ago I operated upon a friend 
of mine for intestinal obstruction Flat films indicated that the point of obstruction was 
somewhere near the midportion of the small intestine, w'lth major distension in the lower 
half of the abdomen When the hand was passed in v'arious directions in the lower 
portion of the abdomen the site of the lesion was not determined However, when it was 
passed high up toward the stomach, the point of obstruction w-as detected and, wuth 
slight maneuver the entire intestine became free and uncoiled itself like a bull whip After 
extension of the incision somewhat higher, it was observed that the obstruction was due 
to mild fixation of a coil of small intestine to a large diverticulum of the jejunum about 
five inches below the ligament of Treitz In fact there w'ere two diverticula situated 
about two inches apart on the mesenteric side The larger one W'as about iH inches or 
154 inches in diameter and the smaller about one inch in diameter, and each had multiple 
diverticula of the diverticulum Under the circumstances no attempt was made to remove 
these diverticula 

The patient made an uneventful recovery and has remained well to date 

Dr Carrington Williams Richmond, Va (closing) I want to thank you for the 
discussion, and I want to call jour attention to Howard Mahorners recent paper on 
diverticula of the jejunum and duodenum Some are difficult to demonstrate and he has 
some v'ery ingenious means to disclose their presence 
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DIPLOIC EPIDERMOID AND EXTRA-DURAL PNEUMATOCELE 
CRANIAL DEFECTS AND DEFORMITY* 

Joseph E J King, M D 
New Yoixk, N Y 

There are many varieties of cianial defects, erosions and deformities 
The vast majoiity of these cases lesult from tumor, infection or trauma, 
while a lessei number is congenital The vaiious types of erosions and de- 
formities of the skull associated with meningiomas aie usually lecognized 
quite easily Defects pi oduced by metastatic malignant tumors have a chai ac- 
teiistic appeal ance, show an indefinite “fuzzy” maigin and aie readily 
diagnosed on ladiogiaphic films This applies to ciamal defects following 
trauma, osteomyelitis and other diseases 

None of the above mentioned types falls within the scope of this papci 
I wish to call )^oui attention to two t)'pes of cranial defects, eiosions, or 
defoimities caused by — 1 diploic epideimoids and — 2 extraduial pneumato- 
cele of spontaneous oiigin Each has a most distinctive and characteristic 
appearance Each can and should be diagnosed pre-opei atively, and the 
proper operative procedine can be earned out definitely and precisely, with 
a gieat saving of time for the suigeon, and with a corresponding advantage 
to the patient. 

The pathologic and histologic featuies will not be leviewed, since the}- 
have been adequately consideied m othei papers, eg Bailey,^ King,^ 
Schwartz,^ etc 

DIPLOIC epidermoids 

Epidermoids aiising from the diploi of the skull produce two distinct 
types of defects on loentgenographic films The less common type destioys 
the outer table of the skull and thins out the inner table The tumor mass is 
entirely exti acranial The inner table is not peiforated, but the mass has a 
remnant of the outer table of the skull extending for an indefinite distance, 
eggshell in thickness, over the pioximal peiipheiy of the doughy tumoi 
This lesion is well described by Bucy^ 

The majority of diploic epideimoids destroy the inner, rather than the 
outer table of the skull The lesion evidently arises fioni a diploic congenital 
epidermal rest or anlage It increases in size, and over a prolonged period 
of time, destroys the inner table of the skull It glows inward and depresses 
the dura, and may perforate the dura befoie the outer table of the skull gives 
way, except at certain areas overlying the mass There may be, and usually 
aie, a few aieas of destruction of the outer table with smaller openings or 
lacunae, and thinned out portions of the outer table, between the several 
openings There may be "islands” of the outer table of the skull between the 
openings, of eggshell thickness and consistency, but this condition is less 

^Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesday, December 10, 1947 
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seldom encountered At uny rate, the piessure exeited by the veiy slowly 
enlaiging mass is ii ) esistible and the bone gives way Ihe innei table is 
destroyed except for a margin neai the penpheiy 1 cm to 1 5 cm wide, 
which IS depressed downwaid and inward by the slowly advancing tumor 
It will measuie about 2 to 3 mm in tbickness at its continuation with the 
normal inner table, and giadually becomes of cellophane thinness at its fiee 
margin, and bends and fractures easily 

Overlying the lesion a mass may be palpable, vaiying in size, and dough) 
in textuie, if a considerable portion of the outer table is destroyed Other- 
wise, areas of complete destruction can be detected by the fingers In no case 
has impulse on coughing or pulsation been observed The scalp over the 
area involved is usually elevated about 1 cm or moie above the remainder of 
the scalp The amount of elevation depends largely, but not entirely, on the 
amount of destruction of the outer table 

Roentgenographic films, stereo-lateral and anteio-posterior, reveal a skull 
defect so characteristic that it should never be confused with any other lesion 
This characteiistic picture of the lesion is well poitia)ed by Di Cushing’s" 
illustration in his paper in Surgery, Gynecology and Obstetrics, May 1922 
Although he did not make a preopeiative diagnosis, he said that one should 
make a pieopeiative diagnosis based on the typical loentgen-ray findings 
produced by the lesion 

The author^ read a paper on this subject in 1938 befoie this Association, 
and lepoited eight cases of epidermoids The fiist one, operated upon in 1923, 
was almost a duplicate of Dr Cushing’s case except that it was on the 
opposite side of the skull and there was a slight diffeience in size The aiea 
of skull involved was the same, i e the fronto-tempoi o-parietal region The 
diagnosis of the lesion was made before the opeiation, based on the detailed 
description of the cranial defect given by Dr Cushing, and so far as can be 
determined, this was the first time a positive pieoperative diagnosis of this 
tumor was made 

I shall repeat fiom this papei the description of a typical diploic epider- 
moid involving the cianial vault, with greatei destiuction of the inner than 
the outer table of the skull 

“A typical cianial defect produced by the diploic type, in which the inner 
table IS more involved than the outer, when viewed so that the greatest 
diameter of the defect is shown, has a scalloped, dense, clear-cut margin, 
showing that this bonv margin is more compact than the lemaindei of the 
skull One or moie bony hiatuses may be observed in the skull These 
represent aieas where the outei table of the skull has been completely 
destroyed These openings, if they exist, are moie apparent on steieoscopic 
films The margin of these lesser defects may also be dense and sharply 
defined Small pieces of detached islands of bone may be seen The out- 
standing and differentiating feature of the cranial defect, however, is the 
sharply defined, dense, white, scalloped margin which is found m no other 
condition Any other eroding lesion, regardless of its nature, pioduces 
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a defect in which the maigin is less shaiply defined, more hazy, and may 
be fuzzy and soft 

If the roentgenogi am is taken so that one views the defect “on edge” 
as though looking at a saucer edgewise, a dense line about 2 mm or moie 
wide .will be seen extending fiom the upper to the lowei limits of the 
defect This is due to supenmposition of the dense margins of the defect 
which brings the compact bony mai gins m alignment The outer table may 
be so thin that it may not be visible at all in an under- or ovei -exposed film 
The characteristics of the defect are positive and unmistakable ” 

The lesions lepoited vaiy in size from about 1 5 cm in diameter to 7 5 cm 
or more The distinctive features of a cianial defect caused by this lesion aie 
more appaieiit on loentgen-iay films of the larger than of the small tumors 
The scalloped boidei is more marked and the density of the margin of the 
defect IS more apparent It is believed that the density of bone forming the 
margin is due to the slow, steady, piolonged pressuie exerted by the tumoi 
on the bone about its periphery, which produces solidification by compression 
The bony structuie is compressed by the inesistible force of the slow growth 
of the tumor and not invaded and destroyed by tumor cells as in the case of 
meningioma or the malignant lesions Compression, producing inci eased bone 
density at the margins of tlie defect, is fai in advance of the destruction of 
bone The major foice of the tumor m its expansion affects to the greatest 
degree, that pait of the skull which offeis the least resistance, that-is, the 
inner or outer table The greatest resistance offered to the tumor is at its 
periphery where the surrounding bone is a stiong bulwark or buttress The 
inner table is completely destroyed for the most part and the tumor mass may 
occupy a relatively enormous amount of mtracianial space compared with the 
smaller diameter of the cranial defect Giving away and destruction of the 
inner table minimizes but does not stop the pressuie on the maigm of the 
periphery 

The hollowed, scalloped margin is lined with an epithelial lining — the 
only viable portion of the tumor — and the epithelial cells do not invade the 
bone Practically all of the lesion seen at operation consists of the exfoliated 
epithelial cells cast off from the inner, older layer of the epidermal lining 
Were it possible for these dead exfoliated cells to be discharged through a 
small fistulous tiact through the scalp as fast as they are exfoliated, there 
would be no expansion of the growth, no compression and destruction of 
bone, no apparent cranial defect, — and no oppoitunity to discuss this subject 

In 1936, Mahoney® reported a case of unusual design and pattern, but 
presenting a definite sharp line about the margin of the defect In 1936 Love 
and Kernohan'^ made the pieoperative diagnosis in “Case 9 ” The diagnosis 
was based on the presence of a doughy mass in the tempoio-panetal legion and 
the rotentgenographic findings Munro and Wegner in 1937® reported a case 
of epidermoid of diploic oiigin They stated “X-rays showed bony defect 
pictuied in Fig 1 ” A preoperative diagnosis was not made (at least not 
stated) but the illustration presents the typical cranial defect pioduced by 
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a diploic extiaduial deiinoid In 1939 Alpeis stated ° "Skull cholesteatomas 
(epidei molds) may be diagnosed bcfoie opeiation since they liaA^e a chaiac- 
teristic loentgeiiographic picture ” In 1940 Love and Bailey^® made tlie pre- 
operative diagnosis m a case in which the tumor involved the left half of the 
occipital bone This laige tumor weighing 200 Gm displaced the occipital 

A B 



Fig 1 (a and b) Case 1, W M Roentgenograms of skull (a) Postero-anterior 
view showing defect and approximate size and shape of tumor (b) Lateral view showing 
definite white, dense, scalloped margins and bone destruction 

lobe to a marked degree upward and forward and the cerebellar lobe down- 
ward and forward The tumor was removed completely 

In 1943, m a report of a large series of cases, Rand and Reeves stated 
the following 

“That the diploic or cranial epidermoids may often be confusing unless 
one has their identifying characteristics in mind is evident from the eleven 
cases just presented So typical is the roentgenographic appearance of 
the growth that usually the preoperative diagnosis can be established from 
the films In spite of this fact, these tumors are undiagnosed Four of 
the tumors in our series of cases were operated upon as sebaceous cysts 
In Case 4, four operations were necessary before complete removal was 
effected The diagnosis was established only after roentgenograms were 
reviewed After an incomplete removal in Case 5, the patient had repeated 
aspirations for a period of four years She was then seen by someone 
familiar with the diagnosis A review of the roentgenograms taken four 
years previously revealed the characteristic picture of a cranial epidermoid 
Because the diploic or cranial epidermoids are so easily diagnosed and 
can be treated so successfully surgically, it is important that they be recog- 
nized before they reach a size winch might make complete removal impos- 
sible The importance of this fact is seen in Case 9 ” 

In 1944 Thornhill and Anderson^^ reported a case of diploic epidermoid 
of the frontal region which produced unilateral exophthalmos Although a 
positive diagnosis was not made before operation, an epidermoid was sus- 
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pected The iiatuie of the lesion was lecognized at opeiation, the entiie mass 
was lemoved, and the postopeiative couise was uneventful 

The late of inciease in size of the tumor is not known It may be almost 
as old as the patient Decidedly it is a lesion of slow growth One may 
obtain some idea as to its slow development and inciease m size by review 
of Case 9 lepoited b)'" Rand and Reeves m Maich 1943 The piesence of the 
tumor was detei mined definitely when the patient was nine years old at which 
time it was thought to be a wen or sebaceous cyst of the scalp For the tumor 
to be detected, it piobably had pre-existed for a peiiod of months oi perhaps 
yeais Opeiations weie peifoimed at the ages of 34, 36, 64 and two opera- 
tions were done subsequent to the age of 64 

Since the original lepoit the authoi has opeiated upon foui cases, two of 
which had lefilled with epideimal debris, m cases wheie all the epidermal 
lining could not possibly be lemoved, — one aftei 11 years, — and two new 
cases One of these shows several lathei unusual features It is the 
largest diploic epideimoid opeiated upon by the author and the largest re- 
ported in the literatuie, so far as can be determined Hon ax, Yoishis and 
Lavine^^ reported an enoimous intiaduial epidermoid, encapsulated with a 
calcified capsule This, however, is not the type of lesion undei consideiation 

CASE REPORTS 

Case 1 — Bellevue Hospital, History No 5-166 and 34161-42 Epideimo'id, di- 
ploic, cxtiadwal, fi onto-pai icto-occipital legton, latgc Dtiial invasion and peifoiation 
Pi eopei ativc diagnosis made Opeiation with complete lemoval Resection of dura tvith 
fascia lata giaft Recoveiy 

W M White, male, age 54, married, laborer Admitted June 22, 1942 as a first 
admission complaining of weakness of the left leg for two years 

Past hist 07 y — Fracture of botli bones of the right leg in 1917 Kidney stone removed 
ten years ago Asymptomatic since Pneumonia in 1921 Appetite good and drank 
moderately until a few years ago Appendectomy several years ago 

Piesent illness (history obtained by Resident) — Onset began ten years ago (1932) 
when he fell from a ladder and struck the right side of his head Unconscious for un- 
known length of time, remembers hearing people talk, but could not answer Sent to 
Columbus Hospital, stayed a few hours and went home About two weeks later roent- 
genographic films were made and reported negative Remained away from work 5 
to 6 weeks The first time he tried to climb a ladder he was dizzy, stepped down, and 
then climbed the ladder again No trouble since until two years ago (1940) when he 
felt awkward and had difficulty wnth his left leg going up and down stairs This has 
continued to the present time A few weeks ago he struck his left shin and it became 
infected He was admitted to the hospital Following discharge he was referred to the 
Neurologic Clinic of Bellevue Hospital 

He noted on occasions tingling and numbness in tips of left fingers over a period 
of months In the spring of 1941 he was standing on the dock watching a ship pull out 
He had a sensation of being drawn in the direction of the vessel and fell into the water 
He was taken to Harlem Hospital Apparently nothing was noted, and he was dis- 
charged Since then he has had a throbbing sensation in the right frontal area No 
diplopia, no spots before the eyes 

Neurologic evamtnaiion — The patient was alert, cooperative and well oriented as to 
time and place “Osteoma” (?) of right parietal area Pupils reacted to light and 
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convetgence Left pupil larger than right Fundi — right disk clear, left blurred, with 
1 plus elevation Arterio-sclerotic changes of vessels of both sides E O M intact Left 
peripheral facial \\eaKness, apparently old Other cranial ncivcs intact Deep tendon 
reflexes of upper extremities equal, biceps somewhat increased Knee jerk slightly 
increased on left Abdominals absent on left, present and active on light Cremasteric 
present and equal Babinski equivocal on left, absent on right Some weakness in 
flexion of left thigh on trunk Slight weakness of left arm, none of extensors and 
flexors of feet 

Sensory intact to pinprick, cotton, temperature and vibiation Position sense unim- 
paired When walking, slight eversion with tendenej to diag left foot 

Past pointing test — Left arm shows slight gross tremor Heel to knee test in left 
leg negative 

Laboratory data — Urine clear, 1024, negative Blood WBC 6,200 polys, 41, Ij^mphs 
59, RBC 3, 900,000 hemaglobin 14 2 gm Wasserman negative NPN 29 Sugar 98 
Lumbar puncture — Initial pressure 290, crystal clear Wasserman negative Cells 0 
Total protein 34 3 

Roentgenologic c\aminaiion of skull (Fig la and b) (JEJK) Lateral vtciv 
, “There is a large cranial defect of the right fronto-parieto-temporo-occipital region 
which presents all the tjpical characteristics of an epidermoid, but the largest ever seen 
by the observer It measures on the film 10 5 cm in the horizontal, and 9 cm m the 
vertical directions Upwards it extends so far that only the thickness of the skull 
appears^above the limits of the defect, forwards 7 5 cm from the upper limit of the 
frontal sinus , downwards to within 1 5 cm of the upper bordei of the petrous portion 
of the temporal bone, backwards to within 6 5 cm of the external occipital protuberance 
The marg'ins are definite and clear-cut, throughout, dense, w'hite, about 1 mm thick, 
scalloped and typical of an epidermoid Several hiatuses or lacunae are present, some 
quite large, and in some areas the bony structuie of the skull is very thin or probably 
absent (Schwartz reported a similar case) The remnants of bone overlying the defect 
present a bizarre picture, — like seas, bays, islands, lakes and peninsulas 

On the ante) o-posterwr view, the defect is clearly revealed The skull is eroded, 
the greatest amount of erosion being near the center of the defect where the outline of 
the outer table of the skull is barely perceptible for a distance of 3 cm The overlying 
bone presents a cloud-hke appearance There is a distinct white line, about 1 5 mm 
thick which Tuns from a point near the vertex, — 1 8 cm from the mid line, downward, 
slightly depressed and outw'ard for a distance of 9 5 cm This white line results from the 
supenmposition of the anterior and posterior dense margins of the defect This line is 
4 5 cm from its central portion to the outer table of the skull The tumor itself, which 
cannot be seen, will be found to be enormous, and will extend much farther inward than 
the distance of the white line from the outer table of the skull 

Diagnosis Epidermoid, diploic, extradural Complete removal of the tumor, includ- 
ing Its bony margin, advised 

Operation — July 2, 1942 Local anesthesia, novocain solution 1% and 14 % with 
suprarenm After the head was completely shaved the outline of the bulging mass could 
easily be determined It measured approximately 10 4 cm in diameter and was elevated 
in the central portion about 1 5 to 2 cm above the surrounding area A horseshoe-shaped 
scalp flap, hinged below in the temporal region, was elevated and turned down It 
consisted of scalp, galea, and temporal muscle and fascia, leaving the pericranium 
attached to the skull Eight burr holes were made in the normal skull just beyond the 
margin of the tumor and the burr holes were connected with a deVilbiss forceps and 
Gigli saw, and the block of bone was loosened Normal dura was seen through the groove 
made by the forceps The block of bone was tilted upward and the typical pearlv-white 
tumor mass came into view It was very large and bulky and depressed the dura and 


930 



Volwiio X2T 
xvumoer S 


DIPLOIC EPIDERMOID 


brain about 8 cm at its central portion from the inner table of the involved skull The 
tunioi was not adherent to the dura except at its apex It was gradually, easily elevated 
from its depressed dural envelope up to a certain point (Fig 2a) None of the tumoi 
fractured off the mam body At its most advanced and deepest portion, the tumor had 
perforated the dura and a kiiob-hke mass of the tumoi about 2 5 cm m diameter and 
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Fig 3 — Case 1, W M (A) Lateral view of specimen, showing white pearly 
mass in bone segment, elevation of bone over normal skull and dural cuff rolled up 
around knob-like mass (B) Surface view of specimen showing tumor packed in 
bony saucer with safe margin, resected portion of dura and knob-like projection at x 
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transplant of fascia lata, the scalp flap was returned to position and the incision closed 
in two layers with interrupted silk sutures The skull defect was not repaired because 
tantalum was not available and tibio-penosteal transplants were not consideied advisable 
at the time on account of the size of the dural defect The usual head dressing, covered 
with a plaster shell was applied The patient left the table m good condition Blood 
transfusion was not indicated 

' Description of specimen — The specimen was unique in appearance It reminded one 
of a shell or saucer over-filled with vanilla ice cream (Fig 3a) It consisted of a block 
of skull approximately circular in shape, 10 cm in diameter The tumor mass remained 
intact, packed tightly within the confines of the bony shell It was not removed from the 
bone For this reason one cannot describe the color of the outer surface of the epidermal 
covering of the tumor lining the excav'ation The exposed surface which was overlying 
the dura and in contact with it was pearly white, velv'ety and smooth The knob-like 
projection, with its dural cuff turned up about it like a coat collar, is seen The tumor 
W'as approximately 7% cm thick The amount of elev'ation of the overlying outer table 
above the normal level of the skull could be seen Fig 3b is a photograph of the 
inner surface of the lesion showing a safe margin of bone beyond the lesion, the pearly 
w^hite surface and the knob-hke intradural portion of the tumor with the excised circular 
dural segment The outer table was elevated ovei the site of the tumor and resulted 



Fig 5 (A and B) Case 1, W M Photographs of patient, 
November 26th, 1947 


from prolonged sustained pressure from wathin It is covered with pericranium No 
definite holes can be seen, but there are a few small doughy areas The total weight 
of the specimen was 310 Gm but the weight of the epidermal mass was not determined 
Radiographic films of the specimen were made (Fig 4a and b) These accentuate the 
smooth clear-cut, sharply defined bony margin of the defect, and the smaller openings 
or lacunae, and the uneven destruction of the outer table 

Mtcioscoptc evammation — “Shows in one section a well-defined thin cyst wall 
which IS lined by a thin layer of stratified squamous epithelium (No mention was made 
of kerathyalin granules, but these were present ) A small cyst is seen in section, filled 
with amorphous pink polyhedral bodies Another section through the dura shows a 
similar laj'er of epithelium closelj’^ attached In one area there is round-celled infiltration 
Diagnosis — Epidermoid (cholesteatoma )” 

The postoperative course was uneventful All weakness of the left leg disappeared 
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Fig 6 (A, B, and C) Case 2, K MacK A Lateral, and B, postero-antenor 
roentgenograms of cranial defect C Postoperative lateral view 


and, on getting out of bed on the twelfth postoperative day, he stated that he felt as 
strong as years ago Follow-up radiographic films made on July 23, 1942 showed the 
operative defect He was discharged on July 24, 1942 the 22nd postoperative day to 
Social Service, which provided him with a perforated celluloid protector to wear in his 
hat over the defect He was informed that a tantalum plate could be inserted after the 
War but he said he was satisfied He was later seen in the clinic and it was reported 
that he had returned to work 

On a recent visit to the office, he stated that he was in splendid health and had 
no complaints The strength had completely returned on the left side He is working as 
a porter in a nearby apartment house and has never missed work on account of 
illness He wore no protector and did not want a cranioplasty He gained 40 pounds 
since discharge from the hospital His neurologic examination was negative There was 
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some flattening of the right side of ms head, rather well concealed by his hair The 
skull defect (Fig 4b) had filled in considerably about the pcripheiy, but there was no 
reformation of bone in the central portion of the defect (Fig Sa and b) 

Case 2 — (Lawrence Hospital, History No 40711) — Epidermoid, aiploic, ev- 
iiaduial, tempoi o-patieial Pi eopciative diagnosis Complete hloeK removal Reseetion 
of dura with fascia lata giaft Recovery 

KMacK, white female, age 46, married, housewife, admitted Jan 17, 1940, referred 
by Dr 0 L Austin Radiographic films of the skull had been made about two weeks 
previously and were shown to the author A cranial defect was present in the right 
parietal region It piesented all the characteristics previously described in this paper — 
and the diagnosis of diploic extradural, epidermoid was readily made Complete block 
removal of the tumor was advised 

History was essentially negative except for some pain in right shouldei last Sep- 
tember Roentgenographic films were made of neck, head and sinuses as a routine, and 
the lesion of the skull w^as discovered She had been well otherwise, with no complaints 
The examination was entirely negative except foi slight incieasc in deep reflexes on 
the left side and a slightly elevated mass in the right temporo-parietal region 

Roentgenologic cvamination (JEJK) — “On the lateral view (Fig 6A) there is 
present a cranial defect of the right temporo-parietal icgion which measures 6 cm in 
the horizontal and S cm in the vertical diameter The margins of the defect are mildly 
scalloped, very dense, firm, and shaiply defined ( Schw'artz’s Fig 1 presents an almost 
identical picture ) There is gross destruction of the bone with some v ei y thin areas in 
the outer table, and complete destruction of this table, especiallv in the anterior half 
of the defect wheie the doughy mass can be palpated 

The antero-postcuor view (Fig 6B) shows a dense white vertical line about 2 mm 
in thickness and 5 cm long The outer table is v'cry indistinct due to thinning and 
destruction and can barely be distinguished The characteristics are so definitely those 
associated with diploic epidermoid that the diagnosis is unmistakable 
Diagnosis Diploic epidermoid ” 

Opeiation — Since the jiaticnt did not want to be conscious during the operation, 
avertin and open ether anesthesia was used instead of local anesthesia A horseshoe- 
shaped incision was made hinged on the temporal muscle below’’ The scalp flap includ- 
ing the pericranium was elev ated and reflected The pericranium was intimatelv adherent 
to the tumor where the outer table had been destroyed Over these areas the peiicramum 
was left attached to the skull so that the tumoi would be left intact and could be 
removed en bloc A burr hole was made above and below the margin of the defect in 
normal bone and burr holes connected with deVilbiss forceps The bone segment w’as 
loosened The dura was stiipped from the shelf-like depressed margin of the inner table 
The lining membrane of the tumor, as thin as cellophane, was carefully stripped away 
from the attenuated depressed dura towards the central portion of the depression In 
this area the lining membrane was more firmly attached To prev’ent leaving some of 
the membrane (which is the only viable portion of the tumor) and risking the possi- 
bility of recuiience, the central portion of the thin redundant dura was removed, still 
attached to the tumor mass A dural defect about 3 cm in diameter lemained The 
dura was not adherent to the cortex A fascia lata transplant was used to repair the 
dural defect and the repaired dura was floated up with warm saline solution (o prev’ent 
adhesions between the site of the transplant and cortex The scalp flap was sutured in 
two layers with interrupted silk sutuies and a compressing head dressing w’as applied 
The patient was returned to her room in good condition 

Inspection of the specimen — Segment of bone surrounding tumor measured about 
6 5 cm in diameter with nm of skull % to 1 cm wide This was the only tumor of this 
type seen bv the author, which destioyed both tables of the skull to such a marked 
degree The two hiatuses in the outer table measured 2 cm by 4 5 cm and 1 5 cm , respec- 
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lively There was total destruction of the inner table beneath th mass, the detect measur- 
ing 5 cm in the horizontal, and 4 cm in the vertical directions The epidermoid mass 
was packed and stuffed into the cavity of the bony cup like a deviled crab The 
remnants of the inner table margin were depressed inward and htted close to the tumor 
The extreme free edge was as thin as paper and had a feathered edge, like new-forming 
ice on a pond The tumor surface was pearly white, lamellated, smooth and glossy — 
typical of an epidermoid 

Photographs and radiographs were made The mass was placed in decalcifying 
solution and the tumor with its surrounding bone was sectioned in halves on March 13, 
1940 When laid open the two halves resembled somewhat an opened oyster Sections 
of the lining and bone to be made by the pathologists 

Pathologic rcpoit “Epidermoid, skull” 

Recoveiy was uneventful — Patient out of bed on eleventh day and discharged on the 
fourteenth postoperative day She has remained well with no complaints referrable to 
her head Lateral roentgenogram was made about nine months after operation (Fig 6c) 
In 1944, a supra-vaginal hysterectomy was performed under spinal anesthesia for multiple 
fibromyomata Uneventful recovery 

COMMENT 

The largest diploic epidermoid ever seen by the author or reported was 
found m Case 1 Roentgengiaphic films m both cases levealed characteristic 
features of a cranial defect resulting from destruction by an epidermoid tumor 
Diagnosis was readily made in each case Block removal with resection of the 
dura and repair with fascia lata transplant was carried out to assure complete 
removal of the lesion The tumor perforated the duia m Case 1 Reinsertion 
of the block of bone, after currettage and boiling, was not done at the time, 
on account of the fascial transplant This piocedure could readilv have been 
done at a later date, but it was not desired by the patient m Case 1, and it was 
not necessary m Case 2 

Preoperative diagnosis of this type of lesion can and should be made and 
complete removal should be carried out, except where the underlying dm a 
contains an important structure, e g the lateral sinus In this situation cur- 
lettage and application of Zenker’s fluid must suffice 

EXTRADURAL PNEUMATOCELE 

Pneumatocele, aeiocele or pneumacephalus which follows compound frac- 
tal es, gunshot wounds, etc will not be discussed in this paper, and such 
conditions which have frequently been reported, are excluded 

This report is concerned with two cases of spontaneous accumulation of 
air m the extradural space between the dura and the skull without perfora- 
tion of the skull The resulting skull defect is so typical and characteristic 
that a preoperative diagnosis can and should be made Had I known what 
IS to be reported here hejote operation was performed on my first case, the 
patient would have been spared much hospitalization and time lost from his 
woik Had I not mislaid and failed to read the paper of Woodall and Baker, 
published in 1941, no doubt the same declaration could be made 

The condition is rare and the radiographic films may be baffling and 
bizane to the uninitiated, as they were to seveial of us in the first case 
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No one who obseived these films had ever seen the like betoie It was the 
consensus of opinion, including that of F M Lau (who made the films) 
that we were dealing with an hemangioma of the skull No other diagnosis 
was made until aftei opeiation 

The roentgen-ray films are similai in their characteristics, the principal 
difference being m size and position The proper pieoperative diagnosis was 
not made m the first case, but was made m the second There is no other 
lesion of the skull which resembles that produced by an extradural pneuma- 
tocele A detailed description of the lesion will be attempted 

CASE REPORTS 

Case 3 — (Bellevue Hospital, History No W-65 and 10174-43) 

Pneumatocele, cxUadural, paricto-iempoio-occipital, itglif Prcopcraitvc diagnosis 
not made 

Operation — Rc-acciimulation of an with infection Sequestration of part of bone 
block Second opeiation Rccovciy 

J B White, male, aged 33 Married Bus driver Admitted as first admission on 
March 1, 1943 

Histoiy — Patient stated he was entirelj well e-^cept foi a running ear on the right 
side in childhood, until 1931 when he sustained a head injury No roentgenograms were 
made Said to have been bed-ridden for several weeks, but had no immediate sequellae 
About 1934 he began to have occasional headaches which came on suddenly in the right 
frontal region These headaches were sharp, stabbing, intermittent for a few days and 
then did not recur for months In 1939 he had bouts of headaches for which he sought 
medical aid without obtaining relief After several months they ceased, and became 
intermittent at irregular intervals 

On January 5, 1943 while pulling down the shade behind his seat in the Fifth 
Avenue bus, which he was driving, he lost his balance and struck the right side of 
his head against the seat, and he “saw stars ” He was stunned momentarilj , but was 
able to drive his bus for another hour when his day’s work was finished That night he 
had bloody discharge from his right ear, but no other sign or symptom He worked all 
through the next day, during which he had intermittent bleeding from the right ear 
That evening he was referred by the bus company’s physician to Dr J Lore, who 
treated his ear and suggested that radiographic films of the skull and sinuses be made 
Roentgenograms made by Dr F M Law revealed a most unusual bizarre picture 
The author was requested to see the films and the patient On January 19, 1943 the 
patient was advised to be admitted to the Neurologic and Neuro-Surgical Service of 
Bellevue Hospital 

Physical examination — Patient is a well developed, well nourished and apparently 
healthy white male of age 33 His general appearance piesents no abnormalities 
Examination of the canal of the right ear and ear drum reveals a previously ruptured 
drum with dilatation of the capillary vessels and small veins around the drum The 
left drum and canal are normal 

Neurologic — Patient well oriented as to time, place and person Sense of smell 
grossly intact Absence of physiologic cupping with blurring of the disk margins Nerve 
heads appear normal There is tortuosity and a mild amount of venous congestion The 
disk margins of the left eye are hazier than those in the right No papilledema can be 
definitely determined EOM normal Visual acuity normal A C>B C on the right 
A C = B C on the left Weber lateralized to right Other cranial nerves intact Gait 
normal Romberg negative, no signs of weakness or loss of muscle power Ankle and 
knee jerks equal but somewhat exaggerated Diminished abdominal reflexes Neurologic 
examination otherwise negative 
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Fig 7 — (a and b) Case 3, J B Roentgenograms of skull showing cranial 
defect produced by extradural pneumatocele 


Laboiatory findings — Urinalysis negative RBC 4,400,000 Hgb 13 Gm, WBC 
7800 , polys 68 , lymphs 3 , N P N 31 , sugar 78 Blood type zero Wasserman nega- 
tive Phosphatose 5 8, phosphorus 4 34, cholesterol 175, calcium 8 8,, Spinal tap protein 
35 , sugar 60 , Na Cl - 750 , Wasserman negative 

Radiographic examination (Report by Dr Friedman ) — ^“There is a large neo- 
plasm 12 cm in diameter originating in the right parietal temporal and occipital lobes 
showing enormous cyst-like arrangements with calcium deposits Findings indicate 
calcifying glioma" 

Roentgenographic findings (JEJK ) — “ Lai eial view (Fig 7a) The cranial defect 
IS ovoid in shape and measures 14 5 in the horizontal and 12 cm m the vertical diameter 
The involved area is much darker than the surrounding bone of the skull for the most 
part, 1 e there is a decreased density of the involved bone The margins are clear-cut 
and well-defined The print of the film gives the distinct impression of looking at the 
surface of a clean coral rock The area is trabeculated throughout, denser portions 
appearing lighter and thinner areas darker Some areas are almost black The margins 
are somewhat scalloped, and the scallops are smaller than those seen in films of epider- 
moids They are also more numerous The margins of the scallops are more distinct at 
some points and less distinct at others No point about the margin presents the fuzziness 
seen m cases of malignancy One should suspect, but it is not known to us at the time, 
that air is beneath the skull The shadow cast by the base of the petrous pyramid is 
very dense with a small external opening of the auditory canal The posterior portion of 
the mastoid shows no cells or else they are lost m the involved area There is distinct 
destruction of the posterior portion of the base of the petrus The part which remains 
presents a concave surface The eroded area "saddle-bags” the petrous ridge and dips 
into both middle and posterior fossae In the middle fossa the destructive process involv- 
ing the squama reaches down to the level of the floor of the sella In the posterior fossa 
it extends as far as the base of the skull 

Antero-posfeuor view (Fig 7b) — The film is similar to that of the case of Woodhall 
and Baker The “dark area” extends from high on the cranial vault from a point about 
5 2 cm from the midline, downward into the middle fossa below the petrous pyramid, 
a distance of IS cm There is some destruction of the base of the petrus and this section 
IS not so dense as that of the opposite side The dark area is more massive above and 
measures 6 cm m thickness from the inner table of the skull The remainder of the 
skull shows quite white by contrast Later, from the pathologj’’ seen at operation, one 
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B 

Fig 8 (A) Case 3, J B Shows depression and detachment of dura 
deep into the middle and posterior fossae, irregular destruction of over- 
lying skull and tooth-like projections from inner table (B) Une\en 
inner surface of bone segment showing bonj^ destruction 
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could easily evplam the physical appearance of the films but could not explain why 
tlic destruction of the skull could possibly be produced in the manner observed ” 

Dr Law and others suggested the possibility of an hemangioma of the skull, and 
so liagnosed the lesion Facts revealed at opciation did not coiroborate any of the pre- 
operative diagnosis 

Operaiion — March 5, 1943 Local anesthesia The patient was placed on his left 
side and the right side of the head was draped to permit large exposure As an explora- 
tory measure, for the purpose of obtaining some information about this unusual 
condition, a burr hole was made through a 1" vertical incision over the center of the 
defect The bone was thin, soft and cut easily with the burr No dura was seen The 
opening was slightly enlarged and with this added exposure the following observations 
were made There was no tumor so far as could be determined The dura was depressed, 
flattened, and at least 3 2 cm from the inner table of the skull The extradural space 
was filled with nothing but air. The appearance of the scalp was normal and there 
was no escape of air beneath scalp or pericranium At this point we thought an heman- 
gioma of the skull had eroded into a mastoid cell which connected with the middle ear 
and permitted escape of air into the extradural space With this in mind a very large 
scale flap was marked off and turned down, hinging as low as possible over the ear 
The flap consisted of all soft parts including the pericranium No marking on the outer 
table indicated the size and extent of the lesion involving the inner table and seen on 
the radiographs Therefore, the burr holes were made at points thought and hoped 
to be beyond the lesion These were connected by Gigli saw and deVilbiss forceps 
A large block of the skull was removed and the area inspected Below, the involvement 
of the skull was far beneath the lower margin of the cranial defect created by removal 
of the bone block No difficulty was encountered m the removal of this large segment 
of skull except that the dura was firmly adherent to the skull just at the margin of 
the defect It had to be freed by slow, sharp dissection To our utter amazement, the 
dura had been stripped away from the inner table deep down m the middle fossa and far 
back into the posterior fossa The cerebellar dura was stripped away and exposed foi 
an average distance of about 3 7 to 5 cm beyond the lateral sinus The surface of the 
dura was not only flattened out but was concave (Fig 8a) The lateral sinus was readily 
identified in its detached depressed position Its external dural wall was rust colored 
It could be traced downward almost to its foramen of exit and back to within about 
2 5 cm from the torcula The dura was yellow-grey and thickened The Inner table 
and most of the diploe were destroyed The outer- table was thinned, soft, but not 
perforated The area of bone excavation was lined with, a pink-red membrane about 
2 mm thick It did not bleed readily This membrane could be loosened but did not 
strip off easily Through this membrane, numerous sharp, fine-pointed tooth-hke pro- 
jections stuck out like spikes They varied in length from 3 to 7 ram These white bony 
points were as sharp as rose thorns In fact the operator “stuck” one into his gloved 
finger These osseous spikes broadened at their base and were continuous with the 
thinned-out skull The points were not covered with the membrane They were glisten- 
ing white and appeared like little stalactites The pictuie seen was aptly described by 
Wernheris m 1873 (and quoted by Woodhall) as a “Rehefkarte eines hohes Alpenlandes” 
(relief map of the Alpine highlands) Fig 8b The bony projections in some areas were 
larger and blunter, especially in the mastoid region The bone was thinnest in the 
middle and posterior fossae The mastoid was excavated with cave-like holes, some 
communicating w'lth other hollow, dry cavities It was believed that the air entered the 
cranial cavity through one of these spaces but none could be identified at the time as to 
source (Explanation of entrance of air into the extradural space will be made later ) 

In the belief that the membrane lining the bone might be some kind of tumor tissue 
(hemangioma, etc ) the bone segment, which had been removed, was boiled for about 
30 minutes During this time the remaining involved bone of the middle and posterior 
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fossae and a portion of eroded inner surface of the mastoid were removed by rongeurs 
The bone was soft and friable, “dry” and broke away readily No air bubbles were seen 
After the bone had been boiled, the membrane could be scraped away, especially 
after the bony spikes had been removed with rongeuis The inner table was made as 
smooth as possible and the segment was “pcpper-bo\ed” with a drill It was hoped 
that one would be able to draw the depressed dura, wliieh by this time had become 
somewhat wrinkled due to expansion of the right ventricle, up to the inner surface 
of the bone segment and fix it with silk sutures through the drill holes The dura was 
picked up m the forceps but it could not be lifted from the cortex A half-inch incision 


A 


B 



Fig 9 — (A and B) Case 3, J B Roentgenograms made on March 15, 1943, 10th 
post-operative day, o equals bone segment fastened with rustless steel wire x equal 
skull defects after removal of bone 


A B 



Fig 10 — (A and B) Case 3, J B Photographs of patient 
on 10th postoperative day 


942 



Volumo 127 
dumber 5 


DIPLOIC EPIDERMOID 


was made m the dura to allow investigation There were rather large, numeious cortical 
vessels, and the dura was fiimly adherent to them The dural incision was closed and 
tlie attempt to elevate the dura was abandoned for fear of gross damage to the cortex 
and its vessels 

The bone segment was placed m position and fixed with rustless steel wire, leaving 
a rather laige dead space between the depressed dura and the bone segment The scalp 
flap was replaced over the segment and the incision closed m two layers with interrupted 
silk sutures A small Penrose dram was placed m the posterior angle of the incision 
m the hope and with the expectation that a vent for escape of the extradural air might 
be provided so that the dura could again come into apposition with the skull segment 
with the expansion of the ventricles Compression head dressing Specimen of bone 
and lining membrane sent to the pathological laboratoiy 

An infusion given during the operation was suspended and transfusion of blood 
given The patient was returned to the ward and, after completion of the transfusion, 
his condition was good and his lowered blood pressure had increased to 130/80 

Immediate postoperative course uneventful On tenth postoperative day blood chem- 
istry and roentgen-ray films (Fig 9A and B ) Allowed up in chair on the thirteenth 
day, walked on the sixteenth and discharged on the twentieth postoperative day m 
"excellent condition” (Fig lOA and B) 

Tentative clinical diagnosis — Hemangioma (?) of skull Pathologic report had 
not been received. 

Pathologic examination — “Acc No 620/43 

Clinical diagnosis — Hemangioma of right side of skull 

Source — Pieces of bone from lesion of skull 

Macioscoptc evamination — Specimen consists of innumerable small irregular frag- 
ments of bony and connective tissue measuring from a few mm to 2 cm across They 
are received in formalin and decalcified in formic acid solution The fragments are 
derived from (a) skull, (b) dura-like tissue, and (c) scrapings from inside of skull 
Microscopic examination — Small fragments of tissue stained with hematoxylin and 
eosin consist of fibrous tissue and some fragments of bone No tumor tissue is seen and 
no abnormality of blood vessels In fact, as far as these sections go, the material seems 
to be normal dura and bone 

Received in Lab 3-9-43 Reported 5-1-43 

Dr L D Stevenson 
W C VoN Glahn, MD” 

Pathologic examination by Dr A A Eggston^® revealed that the lining of the 
inner table consisted of pure fibrous tissue It probably developed from “islands” of 
dura remainmg after the dura was stripped away from the skull 

Two weeks following his discharge the patient returned and presented considerable 
bulging of the scalp overlying the defect created by removal of the squama forming the 
lateral wall of the right middle fossa The Resident reported this over the telephone to 
the author who advised aspiration with a large needle, and removal of the fluid which 
was probably causing the bulge Aspiration was done, but instead of fluid only air was 
released There was no fluid The bulging mass subsided, but it reappeared The 
patient began to dram seropurulent material from a small fistulous tract in the lower 
portion of the anterior suture line He complained that when he blew his nose he felt 
air pass through into the cranium and out through the fistulous tract This proved 
to be a fact Drainage continued, and another small drainage opening appeared posterior 
m the line of incision in the occipital region The patient had repeated frontal headaches 
without dizziness or vomiting No weakness or disturbance in gait Hypersensitiveness 
to loud noises and sudden events When he held his nose and blew, air bubbles escaped 
t irough the two small openings and could be distinctly heard and seen by the examiner 
1 is was definite proof that an intracranial opening existed through which air escaped 
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directly or indirectly from tlic middle ear oi Eustachian tube The original cause of the 
extradural accumulation of an producing the pneumatocele (and not licmangioina) was 
now more than suspected, — it was proved 

Inasmuch as the patient’s general and local condition were not becoming worse, 
and believing that infection of the bone block had surely occurred, to be followed by 
partial or complete sequestration, further operative procedure was deferred 
Re-adjmsswu, October 4, 1943, History No W-297 and 

Physical eiaminaiiou — Blood pressure 140/88 General phj'sical examination re- 
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Fig 11 (a and b ) Case 3, J B Roentgenograms made on September 26, 1947 — 
about four years after operation — show^ reformation of bone, more evident on postero- 
anterior view 


veals no essential changes except that the patient has a large cranial defect on the right 
side extending from the anterior trontal region to the occiput, irregular surface — some 
soft and some resistant — throughout The two openings of the small drainage sinuses 
persist 

Fundi show bilateral loss of distinction of disk margins without definite evidence 
of papilledema No gross visual defects Moderate tortuosity and dilatation of veins of 
the fundus E O M normal Hearing slightly diminished on the right side and Webei 
test laterahzes to the right Cranial nerves negative otherwise Gait and station normal 
No loss or weakness of motor power No abnormal reflexes No sensory changes 
Coordination not impaired Laboratory data negative 

Roentgenographic examination — “Lateral views of the skull reveal a large cranial 
defect extending from a point 1" anterior to the coronal suture to the occiput and from 
near the midline, down and into the middle and posterior fossae The defect is filled 
with thinned bone, the lower central portion of which appears viable and a coronal 
margin of bone along the anterior, posterioi and superior borders of the defect which 
appears to be dead and sequestrated along a jagged irregular line The sequestrated 
corona is still fixed to the skull wnth rustless wire ties It was interesting to note that 
the sequestrated portion corresponded to that portion of normal bone comprising the 
upper part of the bone block, while the viable central portion corresponded roughly to 
the involved excavated portion seen on the films dated 3-15-43 The drill holes in the 
viable portion are smaller than when made and those in the sequestrated portion are 
larger The margin of the cranial side has a healthy appearnce No large collection ot 
air is seen 
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Alltel o-posteno] view shows the bone block not so much depiessed as one might 
judge from physical examination The segment is almost on a level with the external 
suiface of the lemaining portion of the mastoid No gross collection of air pockets” 

The patient was prepared for operation, with two purposes m mind, — removal of 
the sequestrated portions of the bone segment and obliteration of an tract leading into 
the mastoid, or middle ear 

Second opeiation — October 15, 1943 Local anesthesia 

The scar containing the two sinus openings was excised and the scalp flap made at 
the first operation w'as elevated and reflected The central portion of the original seg- 
ment about 7 5 cm x 10 cm was viable and firmly attached to the dura and pericranium 
The dural surface, which at termination of the first operation was concave and about an 
inch or more below the bone segment, now was convex and of normal tension The 
sequestrated portion of the segment which w^as fastened to the skull with steel wire 
ligatures was removed together with the wires It fitted around the central viable 
portion like a hood on the head Other smaller pieces were removed and granulations 
were gently curetted awaj^ from the dura and under surface of the flap The intact 
cranial vault w'as not diseased There was no osteomyelitis Attention then turned to the 
search for the air-fistulous opening The dura haa again become attached firmly at all 
points from which it had become detached How'ever, low^ m the exposure, there w’as a 
small funnel-like depression m the extreme tip of wdiich was a tiny pink area about the 
size of a pm head It was suspected that this was the opening of the fistula through 
which air entered the cranial cavity It was just external to the posterior semi-circular 
canal, just posterior to the superior ridge of the petrous, and in such position as to 
connect with the middle eai It was in no way connected with cells of the mastoid 
This funnel-like depression was filled with warm saline and the patient was instructed 
to “hold your nose and blow” He did, and, sure enough, air bubbled from the small 
pinhead-sized opening through the saline 

A muscle flap was considered, but in view of the fact that the author had never 
used one in the presence of infection, and not having read Woodhalls paper, this plan 
was discarded 

The small fistulous opening was gentlj'- cuietted with a fine curette, touched with 
carbolic acid followed by alcohol, washed with saline, and the scalp flap was returned 
to position and sutured, after placing a small amount of sulfanilamide (the only sul- 
fonamid available in that area, and penicillin was not to be obtained) over the fistulous 
opening and packing firmly with lodofoim gauze The patient left the table in good 
condition 

Postoperative conise — Dressings were changed daily Wet Dakin gauze flats and 
head rolls were used The proximal end of the iodoform gauze packing was loosened 
on the 6th day, graduallj shortened, and the last piece was removed on the 16th day 
The flap healed firmly in position vvithout any collection of air, fluid or pus The 
opening from which the lodofoim gauze w'as removed was cored out to about the size 
of an 18 F catheter, and a small rubbei tube was inserted, just within the scalp and 
fixed with a suture The purpose of this maneuA'^er AA'as to fuinish a vent for escaping 
air in case the air fistula persisted He w'as able to blow air and smoke through this 
tube, but only with force 

He was discharged on his 28th postoperative day, instructed to return for dressings 
as needed for the air vent Should the fistula close, A\'ell and good, otherwise, further 
surgery might be required 

After about two and a half Aveeks the small tube Avas removed and the drainage 
tract closed There AA'as no further escape of air and no accumulation of air beneath the 
scalp The patient returned to Avork and has been driving a Lexington Avenue bus 
ever since On a recent visit to my office he stated tliat he is in good health, is able to 
do his AA'ork aa'cII, and he enters into all actmties His fine head of hair coA'ers a mild 
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depression of the skull at the site of opeiation Only a few areas have not become 
covered with bone 

Roeiitgenographic films (hig llA and B) reveal i laige defect Idled for the most 
part with less dense bone, similai to that observed years after a cranioplasty in which 
tibio-penosteal transplants were used The amount of bone present and its position is 
more apparent on the antero-posterior view The margins of the defect are smooth 
and healthy It is interesting to note that the coral rock appearance has disappeared 
from the portion of bone segment which remained viable (Compare r\ith Fig 9) 

COMMENT 

This case of extiadural pneumatocele has many inteiestmg fealuies The 
air remained confined to the inti acranial space and had not quite perforated 
the skull There was no air beneath the scalp, as has more often occurred 
in these lelatively lare lesions The roeiitgenographic findings, though bi- 
zarre, aie chaiactenstic and diagnostic No other lesion produces such a 
coral rock-hke picture The author has never seen the like The correct 
diagnosis was not made Two noted radiologists, who have seen thousands 
of skull films, also failed to make the diagnosis because neither had ever seen 
a case like it A few months latei roentgenogi ams of a similar case wei e seen 
by the thiee of us and the correct diagnosis was made at once However, the 
“coral-rock picture” was not present 

The pathology in the bone lesults fiom the air tiapped within the cranium 
between skull and dura Coughing, sneezing, exhalation, etc force a little 
more air in without means of escape Thus the air pocket accumulates 
Traumatic accumulation of an in the brain, ventricles, beneath the skin 
and in other places are not so uncommon These conditions are known to 
all of us 

The author is at a loss to explain the uneven erosion of the skull by 
the air pressure Why should the skull be almost completely destroyed in 
some places and have tootli-hke, stalactite-like, sharp, bony projections ad- 
joining the eroded areas ^ It is believed that an confined exerts equal pressure 
in every direction , therefoi e, it may be concluded that other factoi s influence 
the erosion of bone Although the an is confined within a cavity having a 
rigid wall on one side and a mobile pulsating wall on the other, it is difficult 
to understand how this fact would influence the unequal destruction of bone 
Eggston and Wolf^'^ who included a ladiogiaphic print of this case in the 
recent monumental text “Histopathology of the Ear, Nose and Throat,” 
suggested that it is due to some chemical change in the bony stiuctures of 
the skull by the pressure of the confined air 

On the other hand, firm fixation of the duia to the depressed cortex and 
cortical vessels can logically be expected following prolonged compiession of 
the structures It could be assumed that adhesions would form after these 
structures had been compressed for a long period with the added trauma of 
4320 pulsations of the brain per hour 

It IS not advisable to attempt to fix the dura to the bone Sepaiation of 
the dura from the large cortical vessels might produce irreparable damage 
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Also it IS not necessaiy, as pioved by this case Closuie of the opening of 
the an fistula by means of a muscle-fascia flap was consideied It was le- 
called that Eggers, — and latei Shenslone, had advocated a similar type ol 
flap for closuie of a bioiichial fistula and had used it successfully Since 
that time, many surgeons have carried out this pioceduie with equally good 
results. Howevei, a muscle-fascia flap was not used m this case on account 
of the gross infection already pieseiit and the possibility of continued infec- 
tion through the fistula leading into the middle ear At the present time, 
when all of the sulfonamides and penicillin are universally available, the 
transplant-muscle-fascia flap on both should certainly be used 

Following operation the patient should be placed flat m bed, active ad- 
ministration of fluids should be cairied out, and lumbar puncture should 
not be done With this routine, the depressed dura will rise and come into 
contact with the skull through expansion of the ventricular system, provided 
a vent is established via a small lubber tube placed m the lower angle of 
the incision for 36 or 48 hours It is important that all the sharp, tooth-like 
bony spikes be removed from the inner table, otherwise, these certainly 
would be thrust or driven through the expanding elevated dura-like “die 
eiserne Jungfrau ” 

The author has repeatedly regretted that he had not read Woodhalfls and 
Baker’s paper before he saw the radiogiaphic films of the skull in this case 
The final result obtained was good, but the patient would have been spared 
many days of hospitalization, a second operation, and the loss of many work- 
ing days had the fistulous opening been found at the first operation and 
closed by a fascial graft, muscle-fascia flap, or both 

Case 4 — Manhattan Eye, Ear and Tin oat Hospital, Eay and Throat Chmc, No 
E 36857 Pneumatocele, ji onto-tempoi ary-parieto-occipital Diagnosis made Operation 
deferred Preliminary repoi t 

Mrs E V Age 38, white, female, housewife Weight about 112 lbs Examined in 
office, December 2, 1947 

Past histoiy irrelevant other than for the fact that she had the usual childhood 
diseases including diphtheria 

Piesent illness — ^About the middle of November in 1944 she had a cold for about 
three weeks and was referred by her family physician to Dr M Pullen She com- 
plained of a “feeling of fullness” and loss of hearing in the right ear No history of 
injury When the cold cleared up her hearing was normal again Dr Pullen stated 
that the only abnormal finding at the time was a marked redness and injection of Shrap- 
nel’s membrane on the right A few days later she was referred to Dr F M Law for 
roentgenograms of the skull At this time the unusual features of the roentgen films 
W'ere first noticed She has had no complaints or difficulties of any kind except, with 
an occasional cold, she has diminished hearing in the right ear, which clears up with 
the recovery from the cold No headaches, no dizziness, no noises in the ear, no 
diminished vision In othei words her history is completely negative except for a 
few colds 

Appearance — ^Apparently she is a perfectly normal w’oman in every respect She is 
bright, intelligent, and gives no sign of any kind referable to the lesion seen on the 

roentgen-ray films All cranial nerves are negative except for a slight peripheral 
right facial 
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Motoi and scnwiy — Both intact No areas of liypcstlicsia , no motor weakness 
Deep reflexes — All present J.cft nppci abclomnnl diinimslicd Knee ;crks somc- 
wliat increased on the left Ankle jerks same No Babinski 

Month — On the external surf ice of tlic alveolai proecss on the light side tlieic 
IS an osteoma which has been piescnt foi about 5 jears It has barely increased in size 
since first noticed by the patient It is not painful Some thickening of the alveolai 
process on the left side also, but no definite osteoma There is slight asymmetry of the 
face The right side of the cheek is somewhat more prominent than the left, due to the 
osteoma of the alveolar process of the right side of the maxilla 

In other words, a patient who, with the exception of a few changes in her deep 
reflexes, is without signs or sjmptoms, and none commensurate with the large defect 
shown on the last roentgenographic film 

RoentgenogjapJuc findings — M 2309, 12-15-44 Lateral vtciv (Fig 12a) There is 
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C D 

Fig 12 (A, B, C and D) Case 4, E V Roentgenograms oi skull showing extra- 
dural pneumatocele (A) Lateral view showing size of defect, December 15, 1944 
(B) Postero-anterior, December IS, 1944 (C) Lateral view, June 4, 1947 shows marked 
extension in all directions, including posterior fossa (D) Postero-anterior, June 4, 
1947 showing extension of lesion upward and to the left over frontal sinus 
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a cranial defect 11 cm m the longitudinal airection and 7 cm m the vertical direction 
involvmg the fronto-temporal region, extending from the inner table of the skull over 
tlie frontal sinus backward in an angular fashion at a point directly over tlie petrous 
It extends upward in the frontal region to withm 3% cm of the inner table of the skull 
m the mid-frontal region along the vertex It extends downward into the middle and 
anterior fossae, with gross destruction of the bone There are a few remnants of bony 
streaks remaining, apparently in the subperiosteal position The right sphenoid ridge is 
partly destroyed There is some bone absorption of the entire sella The margins of 
the defect are somewhat scalloped, but not to the same degree as m Case 3 

Paste} o-ante) 10 } view (Fig 12B) reveals marked destruction of the petrous pyra- 
mid on the right side with but little change in the pyramid on the left side The orbital 
ridge is more distinct on the left than on the right The floor of the middle and antenoi 
fossae is not destroyed The dehiscence in the bone which might indicate the opening 
of the air fistula cannot be detected 

11-14-45 (M-6251) Latoal view — The cranial defect is quite similar to the one 
shown on the previous films However, it has extended farther toward the vertex The 
normal bone measures 2 V 2 cm wide above the defect m the frontal region Over the 
extreme anterior portion there is some accentuation of skull destruction The posterior 
wall of the right frontal sinus is very thm being scarcely perceptible, and there is a 
possibility of a dehiscence in it The destruction of the floor of the middle fossa has 
increased slightly The remaining portion of the wall of the glenoid fossa is thin 
Backward extension of the lesion has not increased ovei the petrous 

Postero-anieiioi view — Extension upwaid of the lesion can be seen Destruction of 
the right petrous is greater above than before Destruction of the left petrous is about 
the same as in the preceding view with some inci eased pneumatization of the apex of 
the left petrous 

E V 11-4-46 (N 963) Lateial view, (almost a year later), shows marked exten- 
sion of the pneumatocele, especially backward It extends now over the top of the petrous 
into the posterior temporal region and far back into the suboccipital region, — almost to 
the torcula There is greater destruction and pneumatization of the petrous pyramid 
The floor of the glenoid fossa is thinner The base of the skull anterior to the fossa is 
depressed downward and appears to be destroyed There is greater destruction of the 
bone forming the right orbit The postenoi and anterior clinoids are less dense The 
defect extends farther upward toward the vertex, and the frontal bone above the frontal 
sinus is markedly thinned out as compared with the last film The scalloped border is 
more accentuated The defect measures 17 cm in a line from a point above the frontal 
sinus downward and backward into the suboccipital region and about 10 cm in the 
vertical direction 

Postero-antenoi vieiv — Greater destruction of bone behind the orbit is seen and 
marked absorption of bone from the supra-orbital ridge The pneumatocele now extends 
across the mid line above ana behind the right lateial sinus There is greater absorption 
and pneumatization of both the right and the left petrous pyramid, more marked on 
the right 

E V 6-4-47 (N 4251) (seven months later) Lateial viezo (Fig 12c) shows ex- 
tension of the lesion backward, forward and dowmward into the posterior fossa In 
stereo, the petrous pyramid stands out like a bony crag The defect extends to wuthin 
8 mm of the inner table of the skull above The floor of the glenoid fossa is almost 
destroyed There is greater thinning of the frontal bone just above the frontal sinus and 
there is a questionable defect in the posteiior plate of the right frontal sinus There is 
still greater absorption of the right sphenoid ridge and the right orbital margins 

Postci o-aniciior view (Fig 12d) show's the pneumatocele has extended even more 
toward the left and higher behind and above the frontal sinuses The floor of the middle 


949 



JOSEPH E J KING 


Annals of Surcm 
■\I a y 1 0 4 S 


fossa IS more thinned out The sphenoidal ridge is barely perceptible There is greater 
destruction of the bone forming the outci half of the orbit 

The condition was explained thoroughlj to the patient She understood the possi- 
bility of perforation of the skull with extension beneath the scalp She was not frightened 
Should this complication de\elop, she will return for operation 

COMMENT 

The position of the internal opening of the an fistula is not known It 
can be determined only h}’’ opeiation It is almost inconceivable that such 
a large extradural pneumatocele could develop with so few signs or symptoms 
If and when this patient comes to operation, the findings tvill be leported 

The subject of pneumatocele was ably presented by Woodhall and Bakei 
in their paper published in 1941 They reviewed the previously reported 
cases and gave a detailed leport of a most interesting personal case The 
case of Woodhall and Baker presented a communicating pneumatocele with 
the intracranial extradural pocket connecting with one beneath the scalp 
through an opening m the skull Doubtless, if roentgenographic films had 
accidentally been made before perforation of the skull had occurred, the same 
or similar characteristics of a skull defect as shown m the author’s two 
cases Mmuld have been noted Woodhall and Baker did not locate the exact 
point of entrance of air into the extraduial space, although they thoughtfully 
filled the suspected area of the cavity with warm saline hoping to find the 
"definite point of entry for the air ” They observed “se\ eral small apertures 
passing, in all probabih'-y, into the mastoid antium,” and filled these tiny 
areas with bone wax They placed a free fascial "transplant” — not a flap 
of muscle and fascia — over the defects previously filled with wax and brought 
the depressed dura up over the transplant and fixed it in position with fine 
black silk sutures In this manner at one sitting they thoroughly and com- 
pletely closed the opening through wdneh the air had gained entrance to the 
extradural space The patient made an uneventful lecoveiy and was dis- 
charged on the eighth postoperative day Their review of the literature is 
adequate and will not be repeated 

In a paper published m 1945 Woodhall and Cramer^® leported a case of 
pneumatocele with a tantalum plate which had been used to close a trau- 
matic defect in the frontal region Air had found its way up through a fistulous 
tract from the fronto-ethmoid region filled up the entiie area They located 
the point of entrance of an, successfully closed the opening with a transplant 
and flap, replaced the tantalum plate, and the patient recovered without re- 
accumulation of air 

Further review of the literature since 1944 fails to reveal repoits of cases 
similar to those described in this paper Imperfection of the indices for the 
last two years may have resulted in failuie to recognize similar case leports 

SUMMARY 

The characteristic features of cranial defects produced by diploic extra- 
dural pneumatocele have been desciibed The destructive lesion results in a 
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defect so typical m character tliat diagnosis should be made before operation 

Where the epidermoid involves the cranial vault, the entire tumor mass 
should be removed including a segnient of bone with the viable portion of the 
tumor attached so as to prevent recurience Where necessary, the dura 
should be resected, with the same objective in view, followed by fascia-lata 
transplant for the dural defect 

If the dura is not lesected, cuiettage, boiling of bone segment and leplace- 
ment are advocated When the dura is lesected, replacement of the bone 
segment should be defeiied for several months in larger defects Smaller 
ones do not require cranioplasty 

In cases of extradural pneumatocele, the involved segment of bone should 
be lesected and the bony spicules should be removed The intracranial 
extradural opening of the air fistula should be found and closed with a fascial 
transplant or muscle-fascial flap Penicillin and sulfanamide should be ad- 
ministered Opeiation should be done before spontaneous perfoiation of 
the skull occurs 
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DISCUSSIO^ — Dr R E Semjies, Memphis, Tenn In addition to the interesting 
material Doctor King presented I was gratified to note that I could still understand him 
He has been out of Tennessee for a long time but you can realize that he is still not a 
Yankee 

Doctor King has encountered some remarkable material I would like to mention 
some other lesions which involve the skull that also show little or no bone reaction 
particularly mucoceles, cholesteatoma and epidermoids, -which would be difficult to dis- 
tinguish from the conditions he has shown 

Dr Josi-PH E J King, New York (closing) I shall make no further remarks 
other than to present some lantern slides sent me by Dr Barnes Woodhall, who could 
not be present due to illness in his family These are slides of his case reported in his 
paper of May, 1941 

The condition found was ^e^y similar to my first case of pneumatocele, the main 
difference being that the skull had become perforated in his case, followed by a large 
collection of air beneath the scalp Doctor Woodhall concluded his report as follows 
“The patient’s postoperative course in the hospital following- opeiation was uneventful 
and he was dischaiged on the eighth postoperative day No lecuirence has been reported 
to date, although it must be admitted that, possibly in the exuberance following recovery 
the patient committed majhem on a neighbor, ana has not been seen since, six months 
after the operative procedure” 
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ANATOMICAL OBSERVATIONS ON THE LUMBAR SYMPATHETICS 
WITH EVALUATION OF SYMPATHECTOMIES IN ORGANIC 
PERIPHERAL VASCULAR DISEASE’ 

0 

George H Yeager, M D , and R Adams Co^vLEy, M D 

Baltimore, Md 

From the Department of Surgery, University of Maryland School of Medicine 

The DEGREE OF SUCCESS attained m the tieatment of peiipheial vasculai 
disease depends upon the ability to overcome vasospastic factors 

Leriche indicated that in peripheial vascular disease spasm is the con- 
trollable factor, and that if collateral circulation is to be leadily established, 
there must be no vasoconsti ictive influence affecting the peiipheral collateial 
network 

Although Claude Bernard discoveied vasomotor nerves in 1851, and 
Jaboulay directed attention toward the role of sympathetic surgeiy in the late 
nineties, interest evoked was negligible until about 1925 The woik of Royle 
and Hunter, in 1924, was particularly noteworthy in directing attention towaid 
surgery of the sympathetic nervous system Since that time, appreciation 
of the role of the sympathetic nervous system has gradually inci eased Con- 
cuiiently, theie has developed an increasing interest m the problem of 
pei ipheral vascular disease The intimate mter-relationship of the two systems, 
both functionally and pathologically, has become well recognized Certain 
clear cut concepts regarding the sympathetic system have emeiged Concepts 
regarding vascular disease have not been as well delineated 

In the final analysis — ^this diversity exists not because of differences m 
interpreting the underlying vascular lesion, but because of variables in the 
theiapeutic appioach to associated factors of which the sympathetic nervous 
system is of prime importance 

Disturbance in the normal amount of circulating blood in peripheral 
vascular disease is dependent upon two factors, either or both of which may 
be present (1) obliterative stiuctural change, (2) abnormal spasticity In 
spastic conditions, belonging in the category of Raynaud’s disease, that fail 
to lespond to conservative therapy, sympathectomy remains the procedure of 
choice despite occasional disappointing recurrences In addition, the impor- 
tance of S5'’nipathectomy in thiomboangiitis obliterans seems to be well 
lecognized and geneially accepted However, considerable diffeience of opin- 
ion exists regarding the rationale of sympathectomy in degenerative vascular 
disease 

Alteration in the blood supply to tissue is an inevitable process of body 
involution It is one phase of our biologic heritage When certain tissues 
become involved, out of all proportion to the remainder of the body, physio- 
logic and functional deiangement is the inevitable consequence 

'■Read before the Southern Surgical Associatiort at Holljwood Beach, Florida, 
Wednesda}, December 10, 1947 
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Well selected cases of occlusive aiterial disease uniformly show a satis- 
factory 1 espouse to ganghonectomy These patients, howevei, should be 
subjected to such a procedure only after cautious evaluation, and after it has 
been determined that conseivative theiapy will not accomplish the degree of 
improvement anticipated by ganghonectomy 



Fig 1 — Lumbar sympathetic system, Joseph Swan, 1825 


Sympathectomy reduces the potential pathologic vasoconstriction of the 
individual, without abolishing physiological power Theoretically, all cases 
of peripheial vasospasm should be lelieved by sympathectomy Clinical and 
laboratory observations, however, have confirmed the impiession that there 
are several types of vasospasm and that the autonomic neivous system does 
not complete^ control the dilatabihty of the peripheral arterial system 
As early as 1919, Lenche, in his monographs, made the statement that 
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he intervened surgically in cases of senile arteritis at the earliest possible 
moment He advocated periarterial sympathectomy, arteriectomy oi lumbar 
sympathectomy accoidmg to the particular case The lattei operation, which 
IS based on sound anatomic and physiologic considerations, has gradually 
become accepted as the procedure of choice 

In this clinic, sympathectomies m degenerative oiganic vascular disease 



Fig 2 — Lumbar sympathetic system, Ludowc Hirschfeld, 1866 


have been perfoimed since 1939 The opeiation is now limited to those * 
patients with demonstrable associated vasospasm, not responding to con- 
servative measures, including such procedures as pai avertebral blocks In 
this study, a total of 150 patients have had either single or bilateral lumbar 
ganglionectomies 


''Case Reports from University Hospital, Baltimore, 'Marjland, and the Baltimore 
City Hospitals, Baltimore, ^Maryland 
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Analysis reveals that 46 patients (30 66%) were discharged from the 
hospital as “improved” An additional 12 patients presumably had lumbar 
ganglionectomies pei formed Pathologic examination of the tissues from this 
group did not reveal evidence of sympathetic nerve tissue or ganglion, and 
therefore these patients were not included m this study A requisite for inclu- 
sion of the 150 patients studied m this group, was pathologic confirmation 




Fig 3 — ^Lumbar sympathetic S3^stem, A Hovelacque, 1927 

of sympathetic nerve tissue and ganglion It is believed that with the exception 
of one case noted below, removal of tissue not consisting of the sympathetic 
chain represented unfamihanty with its variations, rather than congenital 
absence In a few instances, it was difficult to evaluate the degree of improve- 
ment and whether or not it was attributable to the ganglionectomy itself, 
or to hospital adjunctive care, and restriction of activities Follow-up revealed 
recurrence of sjTOptoms in 6 months to one j'^ear in ten cases, of such degree 
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as to leqmie adjunctive theiapeutic measuies These icsults aie somewhat 
disappointing Howevci, it is believed that additional analysis will icveal that 
many of the disappointments weic due to coiitiollable factois, and weie not 
related to the lationahty and efficacy of sympathectomy 

Sympathectomy in degeneiative obhteiative vasculai disease is usually 
advocated for one oi several of the following reasons (a) Relief of pain and 



Fig 4 — Case 8 No ganglion on either side of L-1 and almost 
all of L2 Three ganglia appear on either side, beloi\ the level of the 
intervertebral substance of L2 and L3 

improvement of collateral circulation, (b) Avoidance or postponement of 
amputation, (c) Extending the safe level m cases of inevitable amputation, 
(d) Simplicity and ease of performance 

RELIEF OF PAIN AND IMPROVEMENT OF COLLATERAL CIRCULATION 

In our expeiience, relief of pain is unpredictable In vasomotor disturb- 
ances, spasm IS a major pain factor Studies should ah\ a} s be made to differen- 
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tiate the degiee of organic occlusion and associated vasospasm This is im- 
poitant, in oidei to establish whether oi not the proceduie is warranted, 
whether theie is a leasonable chance of icheving pain, and as a prognosis 
index In this senes, it was noted that only 77 of the 150 patients had what 
are consideied minimal vasomotor studies In othei words, 73 patients had 



Fig S — Case 11 Four ganglia more or less symmetrically placed 
on the two sides, and in corresponding relationship to the lumbar 
vertebrae Frequently, this is thought to be the usual arrangement, 
but in this series of dissections it was the least usual 

ganglionectomies without adequate vasomotor studies This represents a rather 
poor selection of cases It is realized that the procedure was advocated in 
an effort to improve an apparently hopeless condition However, to avoid 
casting doubt on an otherwise effective procedure, it should be reserved for 
those cases m which there is reasonable chance of success 

Sympathetic novocain block was performed on 77 patients of the 150 
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patients in this series, and an attempt was made to evaluate the possible 
effects of ganglionectomy No attempt was made to establish a leal ciiteiia 
foi the opeiation in 73 cases Although sympathetic piocaine block will not 
always give lehable mfoimation legaidmg the probable results of sympathec- 



Fig 6 — Case 12 No ganglion overlying LI on either side, no 
ganglion below the level of L3 on the left 

tomy, It is believed, that it, or its equivalent, should be employed as a basis of 
evaluation If positive evidence is not gained, it may at least give a negative 
type of evidence, as demonstrated by tempeiatuie drop De Takats has 
indicated that digits levealing temperature drop, may become gangrenous 
following sympathectomy 

Efficacy of sympathectomy in collecting ischaemia, depends upon the 
capacity of the collateral ciiculation to improve, by elimination of persistent 
or inteimittent vasoconstriction and maintenance of vasodilatation 
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Cask and Ross pointed out that “if after sympathectomy a consideialile 
degiee of tonus appeals m the dcneivated vessels, the condition of the 
patient may he moie piecanous than it was befoic the operation, since the 
vessels aie no longer undei the contiol of the ncivous mechanism It is 


Fig 7 — Case 13 Rami radiate in all directions , communicating 
rami from 2nd ganglion on left fuses with common trunk Note well 
defined communication between right and left trunks, at the level of 
the 3rd and 4th intervertebral substance This is not an unusual 
occurrence 

believed that vasomotor nerves exhibit the phenomena of reciprocal innerva- 
tion, vasodilatation involving an inhibition of vasoconstrictor tonus ’ 

AVOIDANCE OR POSTPONEMENT OF AMPUTATION 

Fifty-six patients required amputation of varying degrees, 13 involving 
the foot or less, and 15, of the leg, below the knee Twenty-eight amputa- 
tions were supracond)dar in character Six patients had bilateral amputation 
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All of these amputations weie perfoimed within two months following 
ganglionectomy. 

EXTENDING THE LEVEL OF INEVITABLE AMPUTATION 

The aveiage amputation age was 56 8 yeais. The aveiage age for the 
entire series was 52 5 years Fifty pei cent of the amputations pei formed 
were supracondylar m chaiactei With advanced oiganic degeneration, slight 
vasospasm and loss of elasticity of collateial vessels, it is not probable that 
sympathectomy will extend the level of safe amputation, any more effectively 
than general suppoitive measures 

SIMPLICITY AND EASE OF OPERATION 

There were nine deaths under 10 days, a moitahty rate of 5 5^. Theie 
were eight additional deaths within 30 postopei ative days All opeiations 
weie of the retroperitoneal type In one patient not included in this statis- 
tical study, the ganghonated chain could not be identified due to extensive 
inflammatoiy changes These changes weie apparentaly secondary to re- 
peated paravertebral blocks. Pathologic examination of tissue removed 
from an additional 11 patients, also not included in this statistical study, 
revealed either lymphatic or fibious tissue and not sympathetic nerve tissue. 
These findings do not tend to confirm the statement that has been made that 
lumbar ganglionectomy should be pei formed m questionable cases because 
It is a comparatively simple and easy type of procedure 

This report represents the collective effoits of vaiious surgical residents, 
as well as visiting surgeons In attempting to evaluate the end results, 
individual variations in technic and incompleteness of opeiation may account 
for some of the disappointing lesults Also, unless there is an awaieness of 
the extremely varied characteristics of the lumbar sympathetics, portions of 
the chain will frequently be overlooked 

In attempting to clarify the indications for sympathectomy, and to simplify 
the operative problem, proper attention has not been focused on these 
variations and the criteria foi adequac)^ of operation Access to, and adequate 
exposure of an anatomic structure, is but one phase of the important problem 
of surgical attack on the structure itself 

The lumbar sympathetic chain usually is diagramatically represented by 
a ganglion resting on the body of each of the first four lumbar vertebrae on 
the right and left sides Discussion is frequently limited to the chain’s rela- 
tionship with the vena cava and aoita respectively In our experience, the 
lumbar sympathetic chain has proven tiie most variable portion of the 
sympathetic system, and one of the most variable structures in human 
anatomy 

Swan, in 1825, indicated that on the right side, the first lumbar s)TOpa- 
thetic ganglion appears at the level of the beginning of the second lumbar 
veitebra, the second ganglion at the lower part of the second lumbar verte- 
bia, the thud ganglion between the thud and fouith lumbar vertebrae, and 
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the fourth ganglion beti\een the fourth and fifth lumbar vertebrae On the 
left side, he stated that there weie but two ganglia, the first ganglion located 
as on the right, vhile the second ganglion appears over the upper part of 
the fourth lumbar vertebra 

Hirschfeld, in 1866, showed four ganglia on each side, with the fourth 



Fig 8 — Case 14 Large rami coming off the sympathetic chain 
without presence of ganglia, o\er region of 4th lumbar vertebra This 
IS not an unusual occurrence 


ganglion appearing on the upper part of the body of the fifth lumbar vertebra 
Hovelocque, in 1925, placed the first lumbar ganglion, on the right side, 
on the body of the first lumbar vertebra , the second ganglion on the middle 
of the second lumbar vertebra, with three cephalad and one caudad rami , 
the third ganglion on the lower half of the third vertebra and intervertebral 
substance, and the fourth ganglion on the intervertebral substance of the 
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fourth and fifth lumbar vertebrae In his illustrations, he shows four ganglia 
on the right and five on the left 

Pearl, in describing a muscle-splitting extraperitoneal lumbar ganglionec- 
tomy, makes the statement that the rami of the second ganglion are directed 



Fig 9 — Case 17 Single ganglion present, 1st L vertebra, right 
and left sides, frequently they are absent, and one sees only the 
thoracic trunk passing from lateral to anterior with a communicating 
branch The large elongated ganglion on the left covers nearly all 
of lumbar vertebrae 2 and 3 

cephalad, whereas those of the third and fourth ganglia are directed caudad 
or transversely 

Livingston, in 1937, expressed the opinion that variations in the lumbar 
region are so common as to render it almost absurd to state that “the 
second, third and fourth lumbar ganglia were removed” He states that, 
what IS meant, is that the surgeon removed as much of the chain as he 
could conveniently get at, from as near the usual location of the first lumbar 
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ganglion to the point where the chain passed beneath the iliac vessels into 
the pelvis 

Atlas states that “because of erratic fusion of lumbar sympathetic tissue, 
It IS impossible to designate lumbar ganglia on a numerical basis with any 
degree of accuracy” He also states that “because of unpredictable varia- 



Fig 10 — Case 18 Ganglia fused, two on each side 


tions in the number and position of the lumbar sympathetic ganglia, it is 
preferable to describe a lumbar sympathectomy not on the basis of which 
ganglia were removed, but from the anterolateral surfaces of which vertebral 
bodies the trunk was resected” 

Cask and Ross state, “there are four lumbar ganglia, and as the fourth 
usually lies on the pelvic brim behind the common iliac vessels, it is not 
removed in the operation commonly practised for sympathetic deneivation 
of the leg” They believe, “the sympathetic supply to the leg has its con- 
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nector cells m the lowest thiee tlioiacic and the upper three lumbar segments, 
the preganglionic fibies passing out in the six lowest white rami communi- 
cantes, and ending in the second, thud and fourth lumbar, and m the sacral 
ganglia The grey rami commmiicantes fiom the second lumbar ganglion 
downwaids contain post||anghonic fibres which aie carried to the peripheiy 
by way of the lumbai and sacral plexuses of the spinal nerves It is there- 
foie deal that if the second, third and fourth ganglia and the intervening 
poitions of the trunk be lemoved, the excitor cells to the lumbar nerves and 
the pieganglionic fibres to the sacral nerves will be removed or divided, and 
sympathetic denervation of the leg will thus be achieved " 

Lumbai sympathectomy, for effectiveness, should be physiologically, as 
well as anatomically complete, and at the same time not be associated with 
unpleasant complications J C White has shown that bilateral resection of 
the first lumbar ganglion is usually followed in male subjects by paralysis of 
the ejaculatory mechanism and sterility In cases of simple vascular spasm 
this ganglion should be spared. 

Livingston feels that the third lumbar ganglion is the “central point” for 
surgical attack, while Atlas believes that if incomplete denervations are to be 
consistently avoided, the exposure of the sympathetic trunk should be earned 
as high as the intervertebral disk between the second and third lumbar verte- 
brae before the trunk is divided and stripped 

The latter also believes that if the sacral ganglia are left undisturbed, a 
piedominantly preganglionic denervation of the blood vessels of the foot is 
obtained Sensitization of arteriorlar musculature to circulating adrenaline 
which follows destruction of its postganglionic innervation is thereby avoided, 
and the denervated arterioles in the foot remain dilated Since preganglionic 
fibers rarely join the sympathetic trunk below the level of the second lumbar 
veitebia, the simple maneuver of dividing the trunk at the upper pole of the 
third lumbar vertebra interrupts the flow of vasomotor impulses to those blood 
vessels of the lower extremities which receive their innervation through the 
branches of spinal nerves L 3, 4, 5 , S 1,2 and 3 

In a series of 19 anatomic studies, we could not find a sympathetic gan- 
glion on the first lumbar vertebra on the right side in nine instances, and on 
the left, in six instances A ganglion was not found on either side of the first 
lumbar vertebra in four instances The number of lumbar ganglia found 
ranged fiom two to five, the average number of ganglia on each side being 
about thiee The rami to a ganglion varied from two to seven, dissections 
were gross in character, and it is probable that smaller filaments were destroyed 
\Mthout identification In the entire series, no two chains were similar, and 
no pattern of variation could be established There were no predominant char- 
acteristics for either sex The age range studied was from a stillborn male to 
an 83-year-oId female 

The direction of the rami for individual ganglia varied from cephalad, and 
transveise to caudad In our opinion, identification of an individual ganglion 
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by direction of its rami is unreliable Lumbar veins passing anterior to the 
sympathetic chain were an infrequent occurrence 

The most constant ganglion, on both the right and left side, was found on 
some portion of the second lumbar vertebra, usually its lower third, and fre- 
quently crossed the intervertebral substance on to the body of the third lumbar 
vertebra Its rami, both in number and direction, were extremely varied 
It was invariably the largest of the lumbar ganglia, and when palpating for the 
sympathetic chain, the most easily identified 

As a matter of piactical operative importance, it is suggested that usually 
the body of the fourth lumbar vertebra can be identified by the overlying 
aorta bifurcating into the common iliacs In a similar manner, the first lum- 
bar vertebra can be identified by the medial lumbocostal arch If a ganglion 
IS present on the body of the first lumbai vertebra, it is usually not seen, since 
it IS covered by this structure Exposure of it is unnecessary, since its removal 
IS not indicated For adequate denervation, S 3 'mpathetic tissue should be 
removed between these two points Sympathetic tissue overlying the fourth 
lumbar vertebra is usually obscured by the common iliacs Its removal is 
often hazardous, and under such conditions, not advisable 

SUMMARY 

1 The mter-relationship of the sympathetic nervous system and peripheral 
vascular disease is reviewed 

2 The end results in a series of 150 patients with lumbai sympathectomy 
are analyzed 

3 Probable factors contributing to man}' of the disappointing results are 
discussed 

4 Proper selection of patients for this procedure, anatomic variations 
and adequacy of sympathetic denervation are emphasized 

CONCLUSION 

1 Lumbar sympathectomy adequately executed, in properly selected cases 
of organic peripheral vascular disease, is an adjunctive procedure of merit 
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CORRECTIONS 

In the January, 1948, issue of the Annals or Surgery, the last 
paragraph of Dr J William Hinton’s article “One-stage Resection 
and Anastomosis of the Colon” on page 12 should read “Proponents 
of multiple-stage colonic surgery state that the low mortality pos- 
sible with this operation outweighs its disadvantages , Rankin”*'. 2'<' 
and Lahey Cheever** in 1931, reported comparable series of these 
cases and showed that m their hands, onestage resection, w ith anasto- 
mosis and a proximal vent for dccovipi csswn had a lower mortality 
than the exteriorization procedures ” 

* * 

In the March, 1948, issue of the Annais or Suugfry, the sen- 
tence beginning on line 36 of Dr Hayes Martin’s article “Juvenile 
Nasopharyngeal Angiofibroma” on page 534 should read “We sus- 
pect that Shaheen’s cases of ‘malignant transformation’ a\ ere actually 
malignant nasopharj-ngeal cancel and not nasopharjmgeal fibromas 
in the beginning ” 
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THE EFFECTS OF PRISCOL (2-BENZYL-4, 5-IMIDAZOLINE HCl) 
ON PERIPHERAL VASCULAR DISEASES, HYPERTENSION AND 
CIRCULATION IN PATIENTS"! i 

K S Crimson, M J Reardon, F A Marzoni and J P Hendrix 

Durham, N C 

FROM THE DEPARTMENTS OP SURGERY AND MEDICINE, DUKE UMVERSITT SCHOOL 01 MEDICINE, 

DURHAM, NORTH CAROLINA 

Adrenolytic and sympatholytic drugs have been Known and investi- 
gated for many yeais By blocking action of adrenalin or blocking effector 
sympathetic pathways these drugs might aid study, diagnosis, or treatment 
of paraganglioma, pheochiomocytoma, peiipheial vascular diseases oi hyper- 
tension Currently, three drugs are iccciving clinical tiial Etamon (tetra- 
ethylammonium chloiide or biomide) is essentiall}' a ganglionic blocking agent 
but IS not adrenolytic (Acheson and Moe^) By blocking ganglia other than 
those of the sympathetic nervous system, it may pioduce abnormal function 
of the e3"e, bladder, and gastro-intestmal tract Dibenamme (dibenz)d beta- 
chlorethyl amine hydrochloride), Nickerson and Goodman," and Priscol 
(2-benzyl-4, 5-iinidazohne HCI) more specifically block sympathetic motor 
pathways acting apparently at their termination in smooth muscle These 
drugs are adrenolytic Dibenamme has a more piolonged action than Priscol 
but must be administered intravenously Effects of Priscol last three to eight 
hours and the drug may be given oially, mtramusculaily, or intiavenously 

Hartman and Isler® first repotted Piiscol in 1939, stating that of a group 
of phenyl-substituted alkyl imidazolines examined, it produced greatest depres- 
sion of blood pressure The same year Meier and Mueller^ lepoited that 
Priscol dilates vessels of mucosa and skin but that vasodilatation is more pro- 
nounced in extiemities Also, they demonstrated that Priscol and adrenalin 
together produced loweimg of blood piessuie Meyer' later claiified and 
pioved adrenolytic pioperties of Priscol Chess and Yonkman® demonstiated 
that although Priscol was adrenolytic as judged by reduction of blood pressure, 
it was not adrenolytic or sympatholjdic with respect to all cervical sym- 
pathetic functions studied Yonkman et aF also demonstiated stimulation 
of ileum of dogs, a cholinergic response blocked by ati opine Ahlquist and 
Woodbury® observed that Priscol inhibits pressor and constrictor effects of 
several sympathomimetic drugs but has little action on their depressor or dila- 
tor effects Ahlquist, Huggins, and Woodbury® subsequently repoit that 
Piiscol acts primarily as a sympathomimetic agent producing peiipheral vaso- 
dilatation, cardiac stimulation, coronary vasodilatation, increased cardiac out- 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesday, December 10, 1947 

t Acknowledgment is expressed to Raymond Chittum, William Trigg, Dons Lock- 
amy, and Dons Morgan for assisting m this study 

$Supplies of Priscol and a grant in aid given by Ciba Pharmaceutical Products 
Incorporated, Summit, New Jersey 
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put and some inhibition of the gastro-intestinal musculature They describe 
occasional elevations of blood piessuie and believe that changes of piessuie 
depend upon a balance between peiipheial vasodilatation and inci eased caidiac 
output In animals they describe histanime-like pioperties and also acetyl- 
chohne-hke effects They conclude that Pnscol is an effective sympathomimetic 
anti-piessor and adienolytic agent Fuithei expel imental studies will not 
be leviewed except to state that HatP° using the Stalling heait-lung piepa- 
lation found that damaging doses of Pnscol weie one hundied tunes greatei 
than those used to i educe blood piessure Our own expeiiments^^‘“ confiim 
adienolytic and sympatholytic piopeities in dogs and man Cuiient expeii- 
ments also show that neurogenic hypei tension m dogs is occasionally i educed 
but laiely bi ought to noimal even by laige doses Pituitiin will increase blood 
piessuie after i eduction with Pnscol 

Theie aie many reports of clinical use of Pnscol in the European and 
South Amencan hteratuie Only a few will be quoted Zothe^® demonstiated 
deciease of ciiculation time to the toe Siedek^® calculated cardiac output m 
14 patients and usually found moderate increase Lipross^’ reported mciease 
of finger and toe tempeiatures in patients after PriscoP'’ and abolition of skin 
tempeiatuie giadient of aims and legs De Gennaro and Bertazzd® demon- 
strated inciease of gastric motility and hastening of gastric evacuation LufP 
compared effects of seveial drugs upon skin tempeiature of healthy individuals, 
with effects in two patients with thromboangiitis obliteians and one with 
arteiioscleiosis He found that Pnscol caused greatest increase of tempera- 
tuie Othei observeis have reported using Pnscol for frostbite, Shioder,®^ 
Raynaud’s disease, Kohlmayer,®® diabetic arteriosclerosis, Schietz,"^ and 
hyptei tension, Siiigei More than 40 additional authors have reported vaiy- 
ing degiees of success using Pnscol foi a wide variety of ciiculatory disorders 
Frequently lehef fiom pain associated with vascular disease has been described 

This report deals with results of clinical investigation dunng the last two 
yeais No patient has been treated longei than nine months, but many are 
continuing ti eatment Matei lal will be pi esented in three sections ( 1 ) clin- 
ical observations dunng testing oi ti eatment of penpheial vascular disease, 
(2) testing or ti eatment of hypei tension , and (3) geneial effects of Pnscol 
on circulation 

Expenmental and eaily clinical evidence indicated advisability of using 
laigei dosage schedules than pieviously repoited Except foi time of onset 
and maximum lesponse little difference iii total effect has been observed 
between administi ation by oi al, inti amuscular, oi inti a\ enous routes Amounts 
of Pnscol administeerd to some patients with peripheral vascular disease 
descnbed in section 2 now seem excessive and amounts administered m hyper- 
tension, section 3, may be too lou To facilitate interpi etation schedules now 
believed appi oximately correct will be pi esented T\\enty-five to 75 mg 
intra\ enously oi intramuscularly apparently adequately tests patients with 
penpheial vascular disease and 25 to 50 mg orally ever} thiee or four hours 
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apparently maintains maximum theiapeutic effects Tests for patients \Mth 
hypei tension have been based upon mtiavenous injection of 50 mg followed 
an hour later by another 50 mg and usually followed after another hour by 
injection of 100 mg Dose schedule for treatment of hypertension varies but 
IS usually giadually increased to a maximum of 75 mg every two hours Since 
loweiing of blood piessuie has not constantly followed test or treatment, 
effective dose range or potential value for tieatment of hypertension has not 
been established 

Complications oi side effects will be piesented in advance of clinical repoits 
Twenty-five to 75 mg as an initial dose produces a sensation of crawling in 
the skin, a feeling of warmth of face and ears, a sensation as if hair were 
rising, a chilly sensation wnth development of “goose flesh,” and occasionally 
appiehension Patients may also desciibe increase of heart rate Occasionally 
nausea occurs and, rarely, vomiting Continued tieatment, using 25 to 75 mg 
eveiy tw^o to foui houis is usuall}’' associated w'lth few'ei oi milder sjmptoms 
Test doses as high as 200 mg pei patient, accentuate the above symptoms and 
also produce disabilitj'’ fiom postural hj'potension Occasionally such doses 
cause audible peristalsis, dizziness or a far-aw'ay feeling, sw^eating, congest'on 
of the nose, or headache 

EFFECT or PRISCOL IN PERIPHERAL VASCULAR DISEASE 
AND RELATED CIRCULATORY DISORDERS 

Forty-thiee patients wuth A^asculai disease oi i elated disoiders of extremi- 
ties receu'^ed Piiscol Six had Raynaud’s disease. 15, artenoscleiotic obsti ac- 
tive vascular disease, six, tin omboangiitis obliteians, thiee, popliteal aneu- 
rj'^sms , seven, extremity pain loosely giouped as causalgia, four, phlebitis, 
and two, acute ischemia Obseivations vaiied fiom simjfle testing of the effects 
of single doses to study of lesults of prolonged tieatment 

Results of administiation of similar doses of Priscol orally, intiamusculaily, 
01 intravenously were compaied in ten of these patients with peiipheral 
vascular disease Intravenous injection produced geneiahzed vasodilatation 
within two minutes Intraniusculai administiation produced vasodilatation 
within ten minutes and oial within half an houi Although delayed flushing 
after oial administration Avas less intense than that pioduced by mtiavenous 
01 inti amuscular administration, its lasting oi total effect AA^as usually equiA^alent 

1 Raynaud’s disease Six patients gave histones and piesented clinical 
criteria compatible Avith diagnosis of Raynaud’s disease Phasic color changes 
of digits of hands and feet occurred spontaneously and weie pioduced by 
exposuie to cold or by emotional stress Blanching, lubor, and cyanosis 
occurred in each patient, often simultaneously in sepaiate aieas of fingers or 
toes Rubor oi cyanosis Avas pioduced by placing hand or foot in ice Avater 
and blanching by exposing the patient to refrigeiatoi tempeiatuies Not 
included are any patients complaining solely of leddening oi pallor of the 
hands on exposure 

Tavo patients had undergone sympathectomy of the upper extremities 
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One had symptoms seven yeais Two yeais after onset of symptoms, a piegan 
glionic sympathectomy was peifoimed on the left and a ganghonectomy on 
the right Some scleiodeima had developed befoie sympathectom}’- and ulceis 
had appeared Impiovement of eithei hand lasted less than a yeai and ti opine 
changes were piogressmg Because of peisistent pain and ulceiation this 
patient was tested and treated with Piiscol Two hundied milligrams intia- 
musculaily mci eased tempeiatme of the fingers and toes four degrees centi 
giade The patient could not toleiate immeision of the hands m ice water 
befoie Priscol Afteiwaid he kept his hands stibmeiged five minutes without 
pain or blanching Pam was leheved for eight horns He was sent home 
taking 25 mg eveiy foui horns Dm mg seven months symptoms have been 
leheved, although not completely, and tieatment is continuing 

The second patient had bilateial upper doisal ganghonectomy one yeai 
aftei onset of symptoms A year aftei opeiation discoloiation and pain le- 
cuiied When treated, trophic changes of skin oi ulcei had not developed 
Three mtiamusculai injections of 75 mg of Pnscol weie given at half houi 
intervals The first dose effected wanning of hands and lelief of pain Second 
and thud injections effected no fuither change Oial admmistiation of 25 mg 
at six houi intervals m the liospital and at home maintained impiovement 
After five weeks the patient lepoited that his hands wcie bettei m coloi and 
moi e comfoi table but that the di ug made him nei vous 

A third patient had tieatment by Piiscol befoie and aftei sympathectomy 
Symptoms had been present two 3 ^eais All foiii exticmities weie involved 
but the feet tioubled most Periods of ischemia and pam lasting seveial days 
1 ecru led When fiist seen an episode had peisisted two weeks and pioduced 
shaip buining pain and paiesthesia of the light foot This foot was cold and 
pale but developed rubor when dependent Dorsal pedis and posteiioi tiliial 
aiteries were fully palpable and oscillometi ic pulsations in the mid-calf weie 
noimal There was an aiea of anasthesia about the toe The left leg and 
both hands evidence phasic color changes chaiacteiistic of Raynaud’s disease 
On admission the tempeiatme of the light toe was 22 4° C and of the left, 
28 8° C After hospitalization foi two houis without tieatment tempeiatmes 
weie lespectively 23 and 32 Tempeiatme of skm neai the umbilicus vaiied 
behreen 36 3 and 37 Forty milligiams of Piiscol weie given mtiamusculai ly 
Twenty-five minutes latei tempeiatme of the light toe was 30 3 and of the 
left,* 36 Fifteen minutes later tempeiatmes were respectively 341 and 36 
Thiee houis after Piiscol tempeiatmes weie light toe, 36 5, left, 36 4, and 
umbilicus, 37 Twenty-five to 50 mg r\eie then given mtiamusculai h evcr\' 
two horns foi five da 3 rs Toe tempeiatmes weie maintained always over 33 
Finger tempeiatures w'eie similail 3 ’' inci eased and maintained Placing of 
hands oi feet in ice w^atei was well toleiated Tieatment was omitted for one 
day and i elapse occuiied Since cliionic tieatment 1)3 Piiscol was not being 
employed when this patient was tested, bilateial lumbai sjmpathetic gan- 
glionectoinies weie peifoimed and thice months later bilateral upper dorsal 
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sympathetic ganglionectomies Incicasc of tempcratuie of digits similai to 
that effected by Pnscol followed operation During the next nine months 
symptoms wei e relieved but as cold weather returned moderately scvei c phasic 
color changes leappeared Pnscol, 50 mg four times a day, was then given 
orally at home with definite benefit 

Because of these encouraging results the next three patients encountered 
were treated by Pnscol and have not since required sympathectomy Their 
clinical course, tests and treatment were similar and will be described together 
All were women Duration of symptoms was lespectively eighteen months, 
thirty months, and two years One patient had undergone a right upper 
doisal ganglionectomy follow'ed by lecurience After a year symptoms were 
again equal in the two hands even though the right remained warmei In all 
three patients symptoms w'ere progiessive but advanced trophic changes of 
skin or ulceration had not developed Fifty mg of Pnscol orally, intra- 
venously, or intramuscularly inci eased temperature of the digits m each limb 
of each patient with the exception of one right arm pieviously sympathecto- 
mized The increase was to within three degrees of abdominal skin temperature 
m the extremities of two patients and within one degree m the third The 
temperature of the sympathectomized limb, how'ever, did not increase Before 
Pnscol patients would hold their hands in ice w'ater 36 to 89 seconds with 
sever pain This was followed by intense luboi and cyanosis and rarely 
areas of ischemia Within 15 to 30 minutes after administration of Pnscol 
these patients held their hands m ice watei three to five minutes comfoitably 
and stated they could continue indefinitely Following removal of the hands 
from ice w^ater after Pnscol some redness developed but little, if any, cyanosis 
and no ischemia The single oral dose required to effect this protection w^as 
25 mg in one patient, 50 m another, and 75 mg m the third Exposuie of 
tw'o patients m a large refrigerator at temperatures of 40° C induced phasic 
color changes, predominantly pallor, before Pnscol After the drug, exposure 
for fifteen minutes produced no change Protection against pain and discolor- 
ation of the one sympathectomized arm equaled that of the opposite arm 

These three patients have been taking Pnscol at home six to nine months 
Dose schedules have been varied to determine amount necessary to afford 
protection from attacks Each patient has required a minimum of 50 mg 
morning, before lunch, mid-afternoon, and evening in cool weather, decreas- 
ing dosage on warm days and only occasionally increasing it above this amount 
Although slight discoloration of fingers occurs once in a while, paiticularly 
before the morning dose, the patients are enthusiastic about results There 
has as yet been no evidence of development of toxicity or tolerance and side 
effects have been considered of minor importance 

2 Aitoioscleiofic ohshuctwe disease of legs Fifteen patients varying in 
age from 47 to 77 had gradually progressive symptoms of incompetent arterial 
circulation through the legs and feet and clinical critera w^arranting a diagnosis 
of arteriosclerosis Results will be described in three gioups patients tested 
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and tieated by Pnscol, tested and tieated by sympathectomy, or tested onl)' 

Five patients were tested and then tieated by Puscol. Two men, aged 71 
and 77, had ulcers about both ankles and feet They also had angina on exei- 
tion. Fifty milligram test doses pioduced moderate increase of temperature 
of the feet, and during treatment m the hospital and at home ulcers healed 
Since conservative and other medical treatments were also employed, evalua- 
tion IS difficult but Pnscol seemed to assist management 

A third patient, male, age 55, had had one leg amputated Ciiculation m 
the remaning leg was minimum and resting pain had developed Fifty milli- 
grams of Pnscol intramuscularly increased gieat toe temperature 2 degiees 
After an hour another 50 mg increased it an additional 2 degrees, or to 
within three degrees of tempeiature of the skin near the umbilicus Tieat- 
ment at home using Pnscol and no other medication effected moderate relief 
of symptoms 

A fouith patient, male, age 55, gave a history of exertional and substernal 
discomfort and mild episodes of nocturnal dyspnea, duiing five years Intel - 
mittent claudication developed during the last eleven months Fifty milligrams 
intravenously warmed both feet and maikedly impioved ciiculation as judged 
by postural tests Fifty milligiams were then presciibed for use at home 
01 ally four times a day Although Pnscol made this patent nervous, he now 
states that the feet no longer ache and no longer are fatigued or ciamped 
within two blocks He can now walk seven or eight blocks before claudication 
On two occasions after evening drinking, he has been awakened at night by 
transient shortness of bieath and cough This patient also states that mental 
faculties are much clearer when taking the drug 

The fifth patient was a 73-year-old woman, who gave a history suggesting 
a myocardial infarction seventeen yeais ago She since has had recurring 
attacks of angina Electrocardiograms weie consistent with coionary insuffi- 
ciency Slightest exertion produced substernal pain One year before admission 
an ulcer of the left big toe developed It was treated conseivatively without 
healing During the month befoie admission pain of the left toe and foot 
steadily increased The patient was then hospitalized and treated by inter- 
mittent venous occlusion and papaverine hydrochlonde for four days with no 
relief from pain. Duiing the next four days two lumbar sympathetic blocks 
were employed, each effecting paitial relief from pain In spite of the bad 
caidiac status, Pnscol was tested Fifty milligrams given intraiiiuscularl}^ 
and repeated after 45 minutes effected moderate relief of pam but there was 
no increase of temperatuie of the involved toe Tivo days later lumbar para- 
veitebral block was repeated with a similar result During the next two iveeks 
50 mg of Pnscol \vere given intramuscularly or by mouth every two hours 
Intermittent venous occlusion rvas continued Pain gradually ceased with 
the ulcei slowly decreasing in size The patient rvas then discharged with 
instructions to take 25 or 50 mg at home eveiy three hours when awake 
Acute substernal pain, wFich had been occuriing every few iveeks before 
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treatment, recuried once one month latei T\\o months after leaving the 
hospital a fatal myocauhal mfaiction occuned Comfort m the foot had per- 
sisted and at the time of death the ulcer had healed 

Five additional patients zuitli at to losclct otic vasculai ohsti active disease 
zvoe tested using Puscol but not ticated by the ding Thiee developed in- 
crease of tempeiatuie of all extiemities except the most seriously involved 
Because of seveie pain, oi local gangiene, amputation was advised in each 
The fourth had less advanced arteiial obstruction One hundied milligrams 
of Priscol inci eased temperature of the left toe 1 7 degiees, and tempeiature 
of the light toe, 6 2 degrees Sympathectomy was advised on the left, to be 
follow^ed b}’’ sympathectomy on the light The fifth patient, age 41, was tested 
on two occasions His right gieat toe had been amputated a jear previously 
and the wound had healed When fiist seen the right little toe w^as gangrenous 
Fifty milhgiams of Priscol orall} increased temperatuie of the left great toe 
until it equaled that at the umbilicus but inci eased waimth of the right middle 
toe only to a temperatuie 3 2 degiees below that of abdominal skin A right 
lumbar sympathectomy w^as then performed, and the lemaining toes w'eie 
amputated Pam w'as not relieved and gangiene developed about the amputa- 
tion site Tw''enty-one days aftei opeiation pain had inci cased and the patient 
was obviously deteiiorating Puscol was again employed as a test Temper- 
atuie of the gangienous foot did not increase after 50 mg orally Tw'O and 
one-half hours later 75 mg orally again did not increase temperature or relieve 
pain An hour latei neciotic tissue about the wound w'as dissected free and 
removed Following this the patient screamed with pain even though mor- 
phine was given Dining the next six houis pre-coidial pain developed and 
radiated to the left arm Electrocaidiogiam the next day revealed abnormal 
tracings consistent with a posteiioi infaict Nine days later the right leg was 
amputated Two and six days after amputation electiocaidiogiams revealed 
left axis deviation only Ten days aftei amputation a cerebral vascular acci- 
dent occuned wuth light hemaplegia Death occuired eight days latei At no 
time was this patient tieated chiomcally with Puscol 

The leniaining five patientz of the ai tei losclei otic gioiip had tests befoic oi 
aftei Innibai sympathetic ganglwnectomy Thiee w^eie tested befoie and a 
w^eek or more after opeiation Fifty to 75 mg of Priscol warmed the most 
involved foot and toe of twm of the patients to a tempeiatuie equivalent to that 
effected by sympathectomy A week after opeiation 50 to 75 mg wanned the 
othei extiemities of each patient but did not inciease tempeiature of the syin- 
pathectomized limb The least involved noimally innervated limb of the third 
patient behaved diffeiently Preoperatively 50 mg intramusculaily increased 
temperatuie of both feet to that at the umbilicus The day aftei left lumbar 
ganglionectomy the temperatuie of the left foot equaled that at the umbilicus 
but the right toe tempeiature was 4 degiees colder than befoie operation 
Temperatuie of this cool light foot increased only one degree aftei 100 mg 
of Puscol intravenously Temperatuie of the sympathectomized leg did not 
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increase Two days latei the right foot was waimei and lesponded to 50 ing 
of Priscol inti avenOLisly by equaling abdominal tempeiatuie Repetition of 
the same test five days latei again similarly mci eased tempeiature of the right 
foot without increasing that of the sympathectomized limb 

Two patients were tested at longei mteivals after sympathectomy One 
was examined five years after left leg amputation and light lumbai sympa- 
thetic ganglioiiectomy The temperatuie of the light foot and toe equaled 
abdominal skin tempeiatuie and did not increase aftei 50 mg of Pnscol 
intramuscularly The other patient was tested eight months aftei light lumbar 
ganglionectomy and four months after left lumbai ganglioiiectomy Foot and 
toe temperatures on both sides equaled or slightly exceeded umbilicus tem- 
perature Fifty milligiams of Priscol mtramusculai ly did not fuithei inciease 
temperature of foot and toe 

3 Thromboangntis obliterans (Bneigei’s disease) Histoiy and clinical 
observations led to a probable diagnosis of thiomboangiitis obhteians in six 
patients As nearly as could be detei mined each had discontinued smoking 
The first, a 33-year-old veteian, had involvement of hands and feet dm mg 
SIX years and had had episodes of migiatory phlebitis He had been hospital- 
ized elsewhere repeatedly, leceivmg vaiious tieatments including lumbai 
sympathetic blocks Sympathectomy had been refused Pnscol, 50 mg 
warmed the digits of the extremities less than 2 degiees Fifty to 75 mg was 
then given every three or four houis intramuscularly or orally dm mg thiee 
weeks in the hospital Symptomatic relief was described and an ulcei on the 
right middle finger healed A small area of phlebitis developed in the light 
leg and healed Tieatment was continued orally at home ten days and then 
discontinued for two weeks During the holiday anothei fingei developed an 
ulcer, and the patient stated that his hands w'-ere stiffer and moie painful Foi 
seven months he has taken 50 mg of Priscol oially eveiy three hours while 
awake and has reported satisfaction with treatment 

The next two patients were likewise treated in the hospital before home 
treatment by Pnscol was instituted One, age 46, had involvement of all four 
extremities with pain and discoloration of the tip of the right index fingei 
He was treated in the hospital for nine days, using Pnscol and conservative 
treatment Relief of pain occmred and the discoloied finger improved with 
demarcation of a small patch of dry gangrene The other patient, age 58, had 
had symptoms of thromboangiitis obhteians foi fifteen years His left leg had 
been amputated and diagnosis had been confiimed by pathological examination 
An ulcer of the index fingei of the i ight hand developed and caused pain An 
excessively laige dose of Priscol, 175 mg, was gnen intramuscular!} This 
effected relief of pain and increase m temperature of light thumb and toe It 
also produced i eduction of blood piessure from 140/95 to 68/60, a chilly 
sensation and vomiting and diarrhea 

The remaining three patients uitli thromboangiitis obliterans had smu- 
pathectomies before oi after Pnscol One ga^e a history of iinohement of 
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volume 127 EFFECTS OF PRISCOL ON PERIPHERAL VASCULAR DISEASES 

iMinoLf 0 

toes and fingers, beginning ten years ago at the age of 25 Five years before 
receiving Priscol a bilateral lumbar sympathectomy had been performed and 
two years ago a bilateral upper dorsal sympathectomy. During the month 
befoie treatment an ulcei had developed on the tip of the left middle finger 
and the entiie distal phalanx had discoloied. Eight days of treatment using 
50 mg. every four hours produced moderate relief from pain Amputation of 
the distal phalanx was then performed and the wound healed Since dischaige 
from the hospital this patient has taken four to six, 50 mg doses of Piiscol 
each day for five months with the exception of occasional mtei vals of a week 
or two without drug for contiol observation. He states that while taking 
Priscol the hands and feet feel better, with less stiffness and no pain His 
hands and feet feel colder and stifiei and are “tired and moie easily fatigued’ 
during peiiods without treatment Another patient, age 42, was tested two 
years and seven months after left lumbar sympathetic ganglionectomy and just 
preceding right ganglionectomy. One hundred milhgiams of Piiscol intia- 
muscularly effected moderate increase of tempeiatuie of the toes of the non- 
sympathectomized limb but did not increase temperature of the sympathec- 
tomized leg Increase of temperature of the light toes after the light lumbai 
sympathectomy was moderate, equaling that effected by Piiscol The last 
patient, age 32, leceived 200 mg intravenously with little increase of tempei- 
ature of the involved foot There was also little inciease of tempeiature 
after sympathectomy 

4. Popliteal anew ysm Thiee patients with popliteal aneuiysm wei e tested 
One had a left popliteal aneuiysm at the age of 19. It had been noticed as a 
small lump for thiee yeais and had ruptmed six days before admission, pro- 
ducing pain and swelling Left lumbai sympathectomy and ligation and 
excision of the defective aiea of the popliteal arteiy weie pei formed The day 
after operation 50 mg. of Priscol were given mtiamusculaily. This effected 
increase of tempeiatuie of the light foot and toe, equaling the tempeiature of 
the sympathectomized side but did not inciease tempeiature of this operated 
side. Fouiteen days later 50 mg were given twice intramuscularly, an hour 
apait, again with wanning of the light foot to equal the temperatuie of the 
skin near the umbilicus and without increase of tempei.ature of the left leg 
The leinainmg two patients, aged 70 and 77, had popliteal aneuiysms asso- 
ciated with thiombosis Each was treated by Priscol with little effect and 
both developed gangrene and had amputation 

5 Causalgta-type of pain and cu dilatory disoidei Seven patients with 
limb pain have been grouped together under the heading caitsalgia, using the 
teim as it is conventionally bioadly defined Each has been treated by Priscol 
No patient had penpheial nerve injuiy with neuroma and pain required for a 
diagnosis of causalgia according to the hinted definition of the term 

The fii St patient had bin nmg of both feet associated with increased warmth 
and blood flow, peisisting seven months Pam began aflei fiacture of several 
foot bones dining a fall Tenderness and pain prevented nalkmg Sympathetic 
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blocks were compaied with intramusculai injection of 100 mg of Priscol 
Subjective lelief of pain was described as lasting 15 to 20 minutes after both 
proceduies Similai lelief was also described after placebo tablets or injec- 
tions of saline into the lumbar muscles Treatment since has been psychiatric 
The second patient, five weeks before testing, had had a right great toe- 
nail removed for “ingi owing toenail” and had subsequently developed intense 
pain in the right foot, with increased A\aimth, dependent lubor, and evidence 
of increased blood flow Fifty milligiams of Priscol intramuscularly partially 
relieved pain and another 50 mg an hour latei completely relieved pain for 
seven houis The test Avas repeated tAAO days later, again Avith relief, this 
time peisisting six AAeeks She leturned tAVO Aveeks after recurrence Circu- 
lation at this time AAas essentiallv noimal as judged Dy postuial tests Priscol 
taken at home for tAvo Aveeks again lelieved pain 

A third patient deA’^eloped pain in the left great toe after a\ earing a tight 
shoe three months before treatment All arteries a\ ere full} palpable but there 
Avas dependent ruboi of the left foot Taa'o intramuscuhr injections of 65 mg 
of Priscol increased the tempeiatuie of both feet and relieved pain Priscol 
AA'as continued at home for one month All s} mptoms aa ere relieA’’ed, and Avhen 
the patient returned after a tAAO-Aveek holiday, there had been no recurrence 
Postural tests of circulation Avere normal 

The three remaining patients in this group had upper arm pain associated 
Avith some injury of the biachial plexus or the cervical nerve roots One had 
an avulsion injury folloAved by paralysis of the left arm one yeai before 
treatment Motor function had partially returned When first examined the 
arm and hand Avere cold Atrophy and persistent pain had dcA'^eloped Upper 
dorsal sympathetic blocks relieved pain temporarily and a sympathectomy 
Avas performed Warmth and motor functon of the hand increased and mus- 
cular development improved but pain recurred Avithin Iavo months One year 
after sympathectomy he Avas hospitalized one Aveek and treated by progres- 
sively increasing doses of Priscol The maximum Avas 75 mg eveiy tAvo houis 
Pam Avas relieved but recurred Avithin three Aveeks Thiee months later he 
Avas sent Priscol for use at home and took 50 mg eA^ery four hours Again 
he reported relief but during continued treatment pain returned He finally 
stated that the medicine did not help and discontinued treatment 

A second patient injured his right shoulder tAA^o months before admission 
and gradually developed pain in the right middle and index fingers Avith ulcer- 
ation of the index finger A sympathetic block partially relieved pain for thirty 
minutes Fifty milligrams of Priscol orally also tempoiarily relieA'^ed pain 
Increase of finger temperature equaled that produced by the block 

The third patient complained of pain in the ring fingei and palm of the 
right hand This had been present for scA’-en Aveeks and began aftei the patient 
had aAA^akened one night Avith intense pain between the shoulders A diagnosis 
of rupture of the cervical disc betAA^een C-7 and T-1 was established and the 
neurosurgeons removed the protruding portion of the disc Pam recurred 
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three weeks later Three upper dorsal lumbar sympathetic blocks each relieved 
this pain One hundred ten milligrams of Priscol intramuscularly and 100 mg 
orally similarly relieved pain for an hour and a half Sympathectomy was 
subsequently performed but pain again recurred 

The last patient m this gioup had both legs amputated because of arterio- 
sclerotic vascular obstructive disease with gangrene and intense pain Pam 
had persisted one year following the last amputation Twenty-five milligrams 
of Priscol were given orally every two hours for two days This did not 
relieve pain but did produce nausea and apprehension 

6 Miscellaneous Vasculm and Pam Pi ohlems 

A Venous Thrombosis or Phlebitis Three patients with intravascu- 
lar clotting m deep' veins of the leg were tested but not treated by Priscol 
Two had had pulmonary emboli, and one had recurring phlebitis with edema 
In each patient Priscol warmed the involved leg and foot and relieved 
discomfort 

A fourth patient had had recurring episodes of left lower leg superficial 
thrombophlebitis After removing the saphenous veins and tributaries by 
stripping and evulsion, episodes of lower leg cellulitis occurred on both sides 
and edema developed After the last episode 50 mg of Priscol intramuscularly 
brought toe temperatures up to temperature at the umbilicus A left lumbar 
sympathectomy was then performed and subcutaneous tissue and veins of the 
areas of recurrence in both lower legs were radically excised Two days after 
operation and again eight days later Priscol brought the temperature of the 
right foot up to that of the left and equal to that at the umbilicus 

B Ischemia Three patients with acute obstruction of blood flow to a 
limb were tested and treated with Priscol The first, a 24-year-old athlete, 
fractured the right tibia After reduction the right leg and foot were placed 
in a cast Two days later pallor of the toes was observed and it was found 
that motor function and sensation weie diminished The cast was removed 
Two hours later the foot remained colorless and neither dorsal pedis or 
posterior tibial arteries could be palpated Fifty milligrams of Priscol intra- 
venously effected restoration of a pmk color and return of warmth within five 
minutes Fifty milligrams weie then given intramuscularly every four hours 
Twenty-four hours later the dorsal pedis and posterior tibial arteries were 
fully palpable 

A second patient developed a colorless lower leg after fracture and dislo- 
cation of the right knee Emeigency surgery nas performed elsewhere Tlie 
popliteal artery w^as thickened and contained a thiombus The thrombus w'as 
removed but blood did not flow' through the injured artery Three days later 
the foot w'as discoloied Priscol w'as then tried without improvement Thf 
third patient, a 65-year-old hypertensive patient w'lth coronar} disease, devel- 
oped an embolus presumably located in the right popliteal artery Fitty mill- 
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blocks were compaied with intramuscular injection of 100 mg of Priscol 
Subjective lelief of pain was described as lasting 15 to 20 minutes after both 
procedures Similai relief was also described after placebo tablets or injec- 
tions of saline into tbe lumbar muscles Treatment since has been psychiatric 
The second patient, five weeks befoie testing, had had a right great toe- 
nail removed for “ingrowing toenail” and had subsequently developed intense 
pain m the right foot, with increased warmth, dependent lubor, and evidence 
of increased blood flow Fifty milligrams of Priscol intramuscularly partially 
leheved pain and another 50 mg an hour later completely relieved pain for 
seven hours The test was lepeated two days later, again with relief, this 
time persisting six weeks She returned two weeks after recurrence Circu- 
lation at this time was essentially normal as judged by postuial tests Priscol 
taken at home for two weeks again relieved pain 

A third patient developed pain m the left great toe after wearing a tight 
shoe three months before treatment All arteries were fully palpable but there 
was dependent rubor of the left foot Two intramusculrr injections of 65 mg 
of Priscol increased the tempeiature of both feet and relieved pain Priscol 
was continued at home for one month All symptoms were relieved, and when 
the patient returned after a two-week holiday, there had been no recurrence 
Postural tests of circulation were normal 

The three remaining patients m this group had upper arm pain associated 
with some injury of the brachial plexus or the cervical nerve roots One had 
an avulsion injury followed by paralysis of the left arm one year before 
treatment Motor function had partially returned When first examined the 
arm and hand were cold Atrophy and persistent pain had developed Upper 
dorsal sympathetic blocks relieved pam temporarily and a sympathectomy 
was performed Waimth and motor functon of the hand inci eased and mus- 
cular development improved but pam recurred witbin two months One year 
after sympathectomy he was hospitalized one week and treated by progres- 
sively increasing doses of Priscol The maximum was 75 mg eveiy two houis 
Pain was relieved but recurred within three weeks Thiee months later he 
was sent Priscol for use at home and took 50 mg every four hours Again 
he reported relief but during continued tieatment pam letuined He finally 
stated that the medicine did not help and discontinued treatment 

A second patient injured his right shoulder two months before admission 
and gradually developed pam in the right middle and index fingers with ulcer- 
ation of the index finger A sympathetic block partially relieved pam for thirty 
minutes Fifty milligrams of Priscol orally also tempoiarily relieved pam 
Increase of finger temperature equaled that produced by the block 

The third patient complained of pain in the ring finger and palm of the 
right hand This had been present for seven weeks and began after the patient 
had aw akened one night wnth intense pam between the shoulders A diagnosis 
of rupture of the cervical disc between C-7 and T-1 was established and the 
neurosurgeons removed the protruding portion of the disc Pam recurred 
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three weeks later Thi ee uppei doi sal lumbar sympathetic blocks each relieved 
this pain One hundred ten milligrams of Piiscol intramuscularly and 100 mg. 
01 ally similarly relieved pain for an houi and a half Sympathectomy was 
subsequently performed but pain again recuired 

The last patient m this gioup had both legs amputated because of arterio- 
sclerotic vascular obstructive disease with gangrene and intense pain Pam 
had persisted one yeai following the last amputation Twenty-five milligrams 
of Priscol were given orally every two hours for two days This did not 
relieve pain but did pioduce nausea and apprehension 

6 Miscellaneous Vasculai and Pam Problems 

A Venous Thrombosis or Phlebitis Three patients with intravascu- 
lar clotting m deep veins of the leg weie tested but not treated by Priscol 
Two had had pulmonary emboli, and one had recurring phlebitis with edema 
In each patient Priscol wanned the involved leg and foot and relieved 
discomfort 

A fourth patient had had recurimg episodes of left lower leg superficial 
thrombophlebitis After removing the saphenous veins and tributaries by 
stripping and evulsion, episodes of lower leg cellulitis occurred on both sides 
and edema developed After the last episode 50 mg of Priscol intramuscularly 
brought toe temperatures up to temperatuie at the umbilicus A left lumbar 
sympathectomy was then perfoimed and subcutaneous tissue and veins of the 
areas of recurrence m both lowei legs were radically excised Two days after 
operation and again eight days latei Priscol brought the temperature of the 
right foot up to that of the left and equal to that at the umbilicus 

B Ischemia Three patients with acute obstruction of blood flow to a 
limb were tested and treated with Priscol The first, a 24-year-old athlete, 
fractured the right tibia After reduction the right leg and foot were placed 
m a cast Two days later pallor of the toes was observed and it was found 
that motor function and sensation were diminished The cast was removed 
Two hours later the foot remained colorless and neither dorsal pedis or 
posterior tibial arteries could be palpated Fifty milligrams of Priscol intra- 
venously effected restoration of a pmk color and return of warmth within five 
minutes Fifty milligrams were then given intramuscularly every four hours 
Twenty-four hours later the dorsal pedis and posterior tibial arteries were 
fully palpable 

A second patient developed a colorless lower leg after fracture and dislo- 
cation of the right knee Emergency surgery was performed elsewhere The 
popliteal artery was thickened and contained a thrombus The thrombus was 
removed but blood did not flow through the injured artery Three days later 
the foot was discolored Priscol was then tried without improvement The 
third patient, a 65-year-old hypertensive patient with coronary disease, devel- 
oped an embolus presumably located m the right popliteal artery Fifty mill- 
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grams of Pnscol were given every tour hours for three days, and the patient 
was heparinized The foot remained viable, but after recovery the patient 
complained of claudication and fatigue on exercise 

C Pain As a control for relief of pain described in the above reports 
SIX patients with pain or other varieties were tested with Pnscol Four had 
abdominal pain, one from intussusception, one fi om common duct obstruction, 
and two from peptic ulcer Each was given 50 mg of Pnscol mtiamuscularly 
or intravenously without relief from pain The fifth patient had a painful 
stasis dermatitis of the left leg Twenty-five milligrams orally produced warm- 
ing of the legs but no relief of pain Another patient with aithritis in the 
hands was tested both by sympathetic block and by 50 ing of Pnscol intra- 
venously without relief of pain 

THE EFFECT OF PRISCOL ON BLOOD PRESSURE OE PATIENTS 
WITH HYPERTENSION 

Thirty-nine hypertensive patients have been treated oi tested with Pnscol 
In general each had advanced essential hypertension or hypertensive cardio- 
vascular renal disease Only one had definite coronaiy disease demonstrated 
by electrocardiogram Many had hypertensive letimtis and a few papilledema 
The oldest patient was 53 Treatment in the hospital consisted of 25 to 75 mg 
of Pnscol usually by hypodeimic administration every two to four hours 
Treatment at home employed 25 to 75 mg orally every three or four hours 
Many patients had tests using Pnscol These were performed by injecting 
50 mg intravenously, followed one hour later by another 50 mg and then 
with three exceptions completing the test at the third hour by injection of 
100 mg Blood pressure during the hour after the last injection will be 
described and transient changes omitted Occasionally sympathectomy was 
performed after a week or more of treatment or after a Pnscol test All blood 
pressures reported below were taken with the patient resting m a supine 
|)osition Six types of obseivations will be piesented separately 

1 Hypei tension tieated by Pnscol during a week oi moie of hospitalisa^ 
tion and then by sympathectomy (Five patients ) The first patient had 
tachycardia and fluctuating blood pressure and was suspected of having an 
adrenal tumor After receiving Pnscol in the hospital for nine days pressure 
decreased from around 190/110 to around 134/96 Treatment was continued 
one month at home Fluctuations of pressure with frequent high readings 
recurred and tachycardia persisted A splanchnicectomy of the posterior Smith- 
wick-type was then performed Both adrenal glands were explored and 
neither contained a tumor The complaint of tachycardia persists but blood 
pressure remains reduced 

The remaining four patients failed to have significant lowering of pressure 
during 5- to 10-day periods of treatment even though dosage was increased 
to 75 mg every two hours Each was then treated by total thoracic and partial 
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to total lumbai paraveitebial sympathectomy, splanchmcectomy, and caliac 
ganglionectomy”" ** Blood piessme following operation was reduced toward 
noimal m two and only moderately lowered in two 

2 Hypotension tested by Piiscol and subsequently treated by sympa- 
thectomy (Eleven patients ) One patient had no significant lowering of 
piessuie after 200 mg of Piiscol and also no i eduction during the second 
week after splanchmcectomy Ten patients had Priscol tests, standard sodium 
amytal tests, and then subtotal to total paiaveitebral sympathectomy Results 
are presented m Table I. 

3 Piiscol tests m patients zuitli liypei tension peisisting after sympathec- 
tomy Tests were peifoimed m six patients with hypei tension persisting 8 to 
36 months aftei tieatment by sympathectomy One had had a splanchnic 
ectomy Blood piessuie which langed aioiind 176/114 did not change after 
200 mg Another after splanchmcectomy had a piessure around 230/120 
It reduced to 122/68 aftei 200 mg of Piiscol The lemammg four patients 
had subtotal to total pai avei tebi al sympathectomies In three Priscol did not 
produce significant i eduction of piessure In the fouith the test lowered the 
reading fiom aiound 204/122 to 140/94 This patient was then treated at 
home and had moderate lowering of piessuie 

4 Hospital tieatment of patients with hypei tension persisting after sympa- 
thectomy Foui additional patients with hypertension persisting 6 to 26 
months after sympathectomy were treated five days or longer in the hospital 
without using the Piiscol test Three had thoracolumbar splanchmcectomy 
Treatment did not produce significant change of blood pressure The fourth 
patient had pai avei tebi al sympathectomy She was tieated in the hospital 
with slight reduction and subsequently at home for two months without signi- 
ficant reduction of pressure 

5 Hypei tension tested and ti eated by Pi iscol Six patients had 200 mg 
tests and then treatment by Piiscol The tests effected reduction of pressure 
to normal m thiee and little, if any, i eduction m three During treatment in 
the hospital for a week or more, a model ate and probably insignificant reduc- 
tion of pressure occurred Each was then sent home instructed to take the 
drug three weeks, discontinue it two weeks, and then, if desired, resume 
treatment One patient discontinued treatment after three weeks, stating she 
felt better and no longer needed it Of five that resumed treatment for a 
second three week period only two definitely report relief from headaches or 
other symptoms All five continue with hypei tension at levels slightly if 
at all lower than before treatment or than during the two-week holiday 

Three additional patients were tested and then discharged without Priscol 
but with conventional treatment In one after the second 50 mg of the 
test had reduced blood pressure from 220/140 to around 156/102 weakness 

•’'For convenience this operation will be referred to below as subtotal to total para- 
vertebral sympathectomy It includes m its denervation sympathetic nerves to the heart 
and to the adrenal glands 
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of the right leg and paralysis of the right arm developed This subsided after 
two hours as blood pressure again rose There was no residual difficulty 
The remaining two refused treatment, one did not have lowering of blood 
pressure with the test but the other had reduction of pressure to normal 

6 Hypertension treated by Pnscol without test oi sympathectomy Four 
patients received progressively increasing doses of Pnscol during a week in 
the hospital In three significant lowering of the blood pressure did not 
occur The fourth had moderate reduction but Pnscol subsequently taken 
orally at home failed to maintain lowering 

MISCELLANEOUS OBSERVATIONS AND TESTS OE EFEECTS OF PRISCOL ON 

CIRCULATION 

The first two sections of this paper have descnbed clinical aspects of use 
of Pnscol omitting reference to special observations Effects of Pnscol upon 
circulation determined by observations made during tests or treatment will 
be presented below Material will be giouped under method of observation 
rather than disease 

1 Oscillometnc studies Oscillometnc leadings obtained at mid-calf level 
m five patients with severe arterial obstructive vasculai disease varied from 
four-tenths of a point to 3 points After effective doses of Pnscol, readings 
were unchanged Similarly, oscillometnc readings in three other patients pre- 
viously treated by lumbar sympathectomy had not been changed by sympa- 
thectomy and were not changed after Pnscol Oscillometnc readings in six 
patients with more normal circulation increased a half point or more after 
the drug 

2 Peiipheial skin tempeiatui e giadient Skin temperatures were ob- 
tained at 10 and 15 minute intervals an hour or more before Pnscol and 
three to twenty-four hours afterward using a McKesson Dermalor Room 
temperature could not be kept cool or constant The gradient of each leg was 
determined by comparing temperatures just below the umbilicus, over the 
trochanter, on the medial aspect of the knee, below the medial malleolus, 
over the dorsum of the foot, and on the tip of the great toe The gradient of 
each arm was determined by comparing tempeiatures over the sternum, over 
the deltoid, on the lateral aspect of the elbow, over the thenar muscles, and at 
the tip of the middle finger Usually, the toes were four to ten degrees centi- 
grade cooler than skin by the umbilicus and the finger zero to four degrees 
cooler than skin over the sternum 

In general after Pnscol this gradient decreased, usually within five 
minutes after intravenous administration, within twenty minutes after intra- 
muscular injection, and within forty-five minutes after oral administration 

Before Pnscol the gradient of five hypertensive and twelve peripheral 
vascular disease patients was within normal range, and of six peripheral 
\ascular disease patients exaggerated After 50 mg or more of Pnscol skin 
temperature gradients of the hypertensive patients were abolished, toe tem- 


982 



JiuS'r s' effects of priscol on peripheral vascular diseases 


perature equaling tempeiatiiie by the umbilicus The giadient of eight of the 
peripheral vascular disease patients was similaily abolished after Piiscol 
Another eight had decrease of giadient Giadient was unchanged after Priscol 
in only two patients 

Six patients weie tested aftei lumbar sympathectomy Gradient of the 
s} mpathectomized limb had been abolished by the sympathectomy After 
Priscol, gradient of the opposite limb without sympathectomy was similaily 
abolished but tempeiatuie of the sympathectomized limb lemaind unchanged 
01 increased slight!}, less than 1° Smnlai obseivations and similai lesults 
weie obtained by testing uppei extiemities of thiee patients with upper dorsal 
sympathetic ganghonectomy Five of the above nine patients also had Piiscol 
tests befoie sympathectomy In each the loss of gradient by test equaled that 
produced by sympathectomy 

Patients who weie tieated continuously, leceiving 50 or 75 mg of Piiscol 
every few houis, had modeiate mciease of foot and toe tempeiatuie but did 
not maintain the maiked wanning of the foot or abolition of skin tempera- 
tuie giadient accomplished by initial single test doses 

POSTURE TEST-OBSTRUCTIVE VASCULAR DISEASE 


MILO 

ARTERIOSCLEROTIC 


c 

(£ 


o = 
c — 

? ll 



4 0 25 5 5 8 300 
6 0 210 6 0 300 

5 5 24 0 5 5 25 0 

40 282 55 245 

5 7 246 55 300 

46 250 4 4 26 3 

Priscol 50 mg iv 

3 6 16 9 31 14 3 

34 189 23 133 

0 237 0 13 3 

0 15 1 0 12 6 

0 15 3 0 12 0 

0 15 8 0 114 

0 143 0 93 

0 100 0 95 



SEVERE 

ARTERIOSCLEROTIC 


Flushing 1 

Venous I 
Filling J 

Cl» 

c 

JC 

Vf 

3 

uT 

Venous j 
Filling J 

47 

7 6 

72 2 

26 0 

38 

6 0 

69 1 

25 9 

3 3 

8 6 

84 2 

27 2 

3 9 

10 4 

970 

37 2 

Priscol 50 mg 

IV 

49 

15 7 

126 6 

363 

33 

104 

124 7 

55 7 

3 1 

100 

960 

338 

37 

79 

850 

203 

27 

77 

95 2 

24 6 

29 

65 

96 1 

21 0 

27 

55 

862 

179 

21 

52 

91 0 

21 5 


3 Dependent flushing and venous filing These observations were made 
after a patient had been lying in bed two minutes with feet elevated at a 45- 
degree angle (Figue 1) The patient then sat up and dropped his feet ovei 
the side of the bed Tune of appearance of pink color, ‘^flushing” of toes, 
and time of onset of filling of veins of the foot were observed Appioximate 
observation and timing in 14 patients without seiious aitenal obstruction 
indicated that after Priscol flushing and filling of supeificial veins occurred 
more promptly Color photogiaphs taken in five patients after 15- and 30- 
second intervals of dependency before and after Piiscol confiimed this ob- 
servation Accurate timing m 12 patients using four stop-watches also 
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confirmed the observaton The recoid presented at the left of Figure 1 and 
the change after Pnscol is typical of most studies The lecord at the right 
of Figure 1 illustrates a typical response to Pnscol of the light leg Flushing 
time in the left leg is, however, further delayed aftei the diug This patient 
had been admitted foi amputation of the left leg Sympathectomy was prob- 
ably contraindicated 

4 Cold pressor test A “cold piessoi test” was pei formed befoie and after 
Pnscol in 23 patients with hypertension Blood piessuie was fiist observed 
at minute intervals six times or until constant One hand was then placed 
in ice water for one minute obtaining piessuie leadings at 30 seconds and 
at one minute Subsequently six additional leadings weie obtained at 
minute intervals Twenty hypertensive patients without s)mipathectomy weie 
tested A definite inciease of piessuie occurred in eighteen Aftei two 50 
mg doses of Pnscol an hour apait, the cold piessor test was lepeated in 
nine patients Piessor i espouse was abolished in five and i educed in four 
After a third injection of 100 mg an hour latei, 17 patients were tested The 
pressor response was abolished m 12, reveised in 3, and reduced in 2 
Three patients pieviously treated by subtotal pai avei telii al sympathectomy 
were also tested A pressor response occuiied in each befoie the drug After 
200 mg it was reduced in 2 and abolished in one 

5 Bieath holding Bieath holding tests weie peifoimed in the same 
group of patients desciibed undei the cold piessoi test Blood piessure was 
recorded six times at minute intervals Patients then held their bieath in 
expiration as long as possible Time of bieath holding vaiied from fifteen to 
thiity-five seconds, average twenty-five At the moment the patient again 
took a breath blood pressure readings weie obtained Subsequently pressures 
were recorded at minute intervals foi six minutes Of twenty hypertensive 
non-sympathectomized patients tested, eighteen had a definite increase of 
pressure before Pnscol Ten weie tested aftei two 50 mg intravenous in- 
jections of Pnscol an houi apart The pressor i espouse was not changed 
in one, reduced m five, and abolished in four After a thud intravenous in- 
jection of 100 mg, seventeen patients weie tested The piessor response was 
reduced in three, abolished in thirteen, and reveised in one Three patients 
previously treated by paravertebi al sympathectomy weie also tested Two 
had a positive response which was reduced but not abolished after 200 mg 

6 Blood piessuie — supine position The effect of intravenous adminis- 
tration of varying doses of Pnscol upon blood pressure of patients with hyper- 
tension and of patients with peripheral vascular disease but with relatively 
normal pressure was determined Twenty-two patients with hypertension 
were tested During one hour after injection of 50 mg, fifteen had no 
change of pressure, three moderate reduction, and four moderate increase 
A second injection of 50 mg was then given During one hour afterward 
fourteen had no change, seven moderate reduction and one reduction to 
normal values Seventeen patients received a third injection of 100 mg or 
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altogethei 200 mg of Piiscol Blood piessuie lemamed unchanged in five, 
model ately i educed m foui, and i educed to noimal m seven One patient had 
tempoiary i eduction below noimal to shock levels but recoveiy was spon- 
taneous Tempoiaiy piessoi responses not exceeding 20 mm systolic were 
obseived in foui of the above 22 patients during the first five minutes after 
injection 

Tliiee patients with Itypei tension peisisting after paiaveitebial sympa- 
thectomy wei e similai ly tested Aftei 50 mg , pi essui e was unchanged in two 
and inci eased m one After 100 mg, it was slightly i educed m two and 
inci eased in one After 200 mg , it was i educed m two and reached normal 
values m one 

Thiiteen patients with peiipheial vasculai disease and essentially noimal 
blood piessuie weie tested Dutmg one hour aftei 50 mg nine had no change, 
one slight i eduction, and thiee model ate increase Nine weie tested after 
100 mg Six had no change, one model ate i eduction, and two moderate 
inciease Thiee weie tested after 150 mg Piessuie remained unchanged in 
SIX and was model ately i educed m thiee Tempoiaiy pressoi responses not 
exceeding 18 mm S3^stohc weie obseived in thiee of these thirteen patients 
duiing the fiist five minutes after injection 

7 Blood piessuie — standing Blood piessures were obtained m sixteen 
patients with hypertension an hour oi moie aftei the third injection, oi a 
total of 200 mg of Piiscol Aftei standing seveial seconds to a minute, 
twelve had reduction of pressure to the point of syncope Four had maiked 
postuial hypotension although not to syncope Blood pi essui es while standing 
weie also obtained twice daily m ten hypei tensive patients during a week or 
more of tieatment in the hospital Each persisted with moderate postuial 
hypotension but not to syncope A model ate postui al hypotension also usually 
peisisted in patients treated at home a month oi moie Patients with normal 
blood pressuie and with peiipheial vascular disease also developed marked 
postural hypotension aftei injection of 100 to 200 mg 

8 Pulse rate Pulse lates weie detei mined fiequently during tests of 
twenty of the group of patients with hypertension Transient mciease of rate 
during the first two oi thiee minutes aftei each injection occurred in sixteen 
patients Peisisting late duiing the houi following each injection vaiied from 
patient to patient In ten after 50 mg theie was no change, in eight, an in- 
crease up to ten beats per minute, and in two an increase of ten to twenty 
After the second injection, altogether a total of 100 mg, pulse rate lemained 
unchange in five, increased up to ten per minute in six, increased ten to 
twenty in six, and increased by twenty to thiity in three In 19 patients 
after a third injection or altogether 200 mg , pulse rate remained unchanged 
in five, increased up to ten per minute in nine, increased ten to 20 in three, 
and increased 20 to 30 m two 

Three patients weie tested aftei heart and adienal denervation by para- 
vertebral sympathectomy Pulse late did not change after 50 to 100 mg After 
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200 mg the rate of two patients remained unchanged and of one increased 
four beats per minute 

Patients receiving continuous treatment ordinarily have a noimal pulse 
late A few describe occasional sensation of rapid beating of the heart lasting 
a few minutes 

9 Pupil Temporary dilatation of the pupil was observed after injection 
of 50 mg m four of 20 patients with hypertension, and aftei 100 mg in two 
Dilatation did not occur in three patients with paravei tebral sympathectomy 
which includes sympathetic denervation of the head In all patients after all 
doses, pupils appeared normal, dilated in darkness, and constricted in light 
Patients lead easily throughout test periods even aftei a total of 200 mg 
of Priscol 

10 Resptiafion After intravenous injection of small oi large doses of 
Piiscol a few patients described momentaiy “shoitness of bieath” and took 
several deep breaths Peisistmg lespiiatoiy late of twenty-four patients accu- 
rately timed did not change in nineteen and was inci eased fiom two to four 
per minute m five 

11 Response to adienahn Response to adrenalin was tested m one patient 
with hypertension Control blood pressure was around 206/108 After 10 
drops intravenously of a mixture of 200 cc of saline and 1 cc to 1000 adienahn 
pressure increased to 234/92 After twenty drops it increased to 248/100 and 
again after 8 drops to 240/100 This patient was then treated foi three days 
by hypodermic injection of 50 mg of Piiscol every 4 hours Duimg the sec- 
ond day of treatment adrenalin was again administered using a similar and 
freshly prepaied solution Sixty drops were injected within two minutes 
Blood piessure decreased from around 218/116 to 200/78 Twelve hours 
after Priscol was discontinued 10 to 23 drops of a similar solution again 
produced marked pressor responses ^ 

12 Response to anesthesia A 58-year-old-man patient suspected of hav- 
ing a pheochromocytoma or a paraganglioma was given three successive intra- 
muscular injections of 50 mg of Priscol during two hours preceding explora- 
tory lapaiotomy Ethylene, ether and curare were used for anesthesia Dur- 
ing two and one half hours under anesthesia and during the administration 
of 750 cc of whole blood, 500 cc of plasma, and 800 cc of 5% dextrose in 
saline, blood pressure varied from around 110/160 to 170/110 There was 
no evidence of reflex change of pressure from manipulation or traction of 
abdominal viscera or of increased pressure when adrenal glands were inspected 
and palpated No tumor was found 

13 Tenipci atiii e giadicnt of pedicle skm tubes Three patients with skin 
tubes in various states of preparation or transplant weie given Priscol intra- 
muscularly One tube had been raised from the lower leg but bad both ends 
attached After 69 mg of Priscol temperature in the center of this graft rose 
1 6° C A second tube had been raised from the chest to the ear, but was 

A. prelimiiiar}^ report (25) lias described additional experiments in man demonstrat- 
ing adrenohtic action of Priscol Results ^\lll be amplified in another paper 
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still attached to its site of origin Tempeiatuie in the center of the giaft lose 
1 4° C aftei 65 mg of Piiscol The thud tube had been transplanted to the 
light hand and then moved fiom the site of oiigin to a defect of the lower hp, 
thus eliminating its original neive supply Tempeiatuie lose 1 9° C attei 
53 mg of Priscol Coloi photogiaphs of each tube cleaily demonstrated 
inci eased ledness 

14 Caidiac output Obseivalions have been made on thiee patients by 
J B Hickam, who vill lepoit details and fuither studies All leadings weie 
taken m the horizontal position Two patients had mild hypei tension and one 
till omboangntis obhteians involving four extiemities No patient had clinical 
evidence of impaiiment of caidiac function Cardiac outputs weie detei mined 
by the Fick piinciple using the technic of caidiac cathetei ization Patients 
weie tested undei basal conditions and again 30 minutes aftei 50 mg of 
Piiscol intravenously In two, caidiac output did not change In the thud, 
an appiehensive patient with a high contiol value, the output decreased to a 
noimal level after Priscol One patient leceived a second injection of 150 mg 
of Piiscol one-half houi after the fiist His output one-half houi latei was 
unchanged Response to five minutes of leg exeicises was also tested befoie 
and one-half houi after 50 mg of Piiscol For equal amounts of exeicise the 
caidiac outputs weie identical 

15 Unnaly<\es and blood counts Urinalyses weie obtained in seventeen 
patients befoie, duimg, and at the end of continuous tieatment with Priscol 
foi a week oi moie m the hospital The longest peiiod of treatment was nine- 
teen days Changes or abnoimalities did not occui Hemoglobin, led and 
white blood counts weie similarly obtained in fifteen patients, m foiii instances 
supplemented by diffeiential counts With one possible exception changes oi 
abnormalities did not occur In one patient the white blood count diopped 
from 9,000 befoie Piiscol to 3,110 aftei ten days on the drug Two days later 
while receiving the diug the count was 5,550 and one month after discon- 
tinuing treatment it was 9,000 The only othei drug administered with the 
Priscol in this patient was sodium pentobaibital, 1 Gm the two evenings 
before the low count Eleven patients checked while receiving Piiscol at home 
for peiiods up to seven months have had no significant change in uimalysis oi 
red and white blood count 

DISCUSSION 

Favorable reports of use of Priscol for a variety of peripheial vascular 
diseases have appeared in European and South American literature Oui 
clinical expel lences with this drug during peiiods of tieatment not exceeding 
nine months have confirmed these repot ts Single doses of 25 to 75 mg evi- 
dently with few exceptions produce changes in circulation of limbs equivalent 
to those produced by sympathetic block or sympathectomy Continuing tieat- 
ment by this dose schedule maintains benefit but does not entiiely equal the 
effect of sympathectomy Results in treatment of Raynaud’s disease have been 
encouraging and unless evidence of toxicity or toleiance develops, sympa- 
thectomy is no longer recommended by us Results in treatment of vasospastic 
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ischemic extremity problems and causalgia states have been encouraging 
Results 111 treatment of thromboangiitis obliterans and aiteiioscleiotic periph- 
eial vascular disease aie less easily evaluated At piesent treatment is limited 
to patients refusing sympathectomy or those with complications contraindi- 
cating sympathectomy Treatment has been and is cuiiently being offered to 
patients with peripheral vascular disease complicated by coronary heart dis- 
ease Neveitheless, theoretically at least, harm may develop fioni drug action 
on the heart Of 9 patients with known piogressive geneiahzed arteiio- 
clerotic vascular disease and coronaiy involvement tested oi treated by Piiscol 
two developed myocardial infarction Oui clinical impiession that this would 
have occurred had Priscol not been used cannot be established without fui thei 
expel lence Patients without known coronary heait disease have not as vet 
developed cardiac complications Doses of Priscol over 75 mg should, however, 
be avoided m patients with known obstructive disease of coronary or other 
arteries since reduction of blood pressuie might occur with adverse effects 
A test intravenous injection of 50 or 75 mg of Priscol may aid piediction 
of immediate results of sympathectomy in patients with peiipheial vascular 
disease 

Attempted treatment of hypertension by Piiscol in dose langes up to 
75 mg every two houis has yielded encouraging lesults in only a few instances 
Similaily use of a Priscol test for hypertension oi of Piiscol treatment a \veek 
01 moie m the hospital has not aided piediction of results of sympathectomy 
Oscillometiic readings at calf level m patients with marked oiganic aiterial 
disease were not changed by Priscol It is our expeiience that low readings 
are seldom altered duimg the fiist w^eek after suigical sympathectomy 
Increase of readings occuiied after Piiscol in patients w'lth less arteiial 
obstruction Skin temperature giadient of aims and legs was usually de- 
creased or abolished after Priscol test doses Warming of hands and feet was 
less marked during continuous treatment Evidence of moie lapid dependeni 
flushing and venous filling of toes and feet after Pi iscol adds to evidence that 
blood flow through extremities may be increased, aiterial supply permitting 
It is of interest that goose flesh frequently would be observed over the 
body after Priscol , also, it appeared on the skin of sympathectomized limbs 
This would indicate a peripheral effect Sweating, frequently produced by 
doses of Priscol of more than 75 mg, never appeared in sympathectomized 
aieas This would indicate dependency on innervation 

Doses between 100 and 200 mg blocked pressor responses to placing a 
hand in ice water or to breath holding Cold pressor block is conventionally 
believed an indication of complete sympatholysis We have, however, observed 
definite pressor responses in patients evidently totally sympathectomized 
Block of pressor response to breath holding is possibly an indication of sym- 
patholysis Postural hvpotension develops after sympathectomy for hyperten- 
sion Postural hypotension observed after large doses of Priscol equals or 
exceeds that after subtotal to total paravertebral sympathectomy 
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Oidinaiily, injection of Pnscol did not dilate pupils Dilatation did occur 
in a few patients but never occurred if the pupil had been sympathectomized 
It would seem that dilatation when obseived was caused by apprehension or 
an alaim-type of reaction Rate of respiiation was not significantly altered 
even by laige doses, and theie is no indication except for block of pressor 
1 espouses of the bieath holding tests that lespiratory mechanism is effected 
Occasional obseivations m the absence of sympathetic mneivation have 
indicated that Pnscol may have a peripheial and perhaps histamine-hke effect 
Patients who have had sympathectomy, for such diseases as Raynaud’s, state 
that the diug makes their hands feel warmer and more comfortable One 
completely transplanted skin tube increased in temperature after Pnscol It is 
possible that a penpheral effect might be related to block of action of ciiculat- 
mg adrenalin Piesumably, all of the hypei tensive patients treated by paia- 
vertebral sympathectomy had deneivation of both adrenal and cardiac areas. 
Neveitheless, blood pressuie lowenng was occasionally produced by Pnscol 
It could also be assumed that block of circulating sympathm might permit 
dilatation of deneivated vessels Fiom experimental evidence m animals, how- 
evei, it would appeal that Pnscol may have histamine-hke action m addition 
to its potent andrenolytic and sympatholytic properties 

CONCLUSIONS 

1 Pnscol 111 doses of 25 to 75 mg is a useful adjunct to treatment of many 
peripheral vascular diseases oi circulatory disoideis and m this dose range 
usually IS toleiated with few side effects 

2 Pnscol in test doses of 100 to 200 mg has lowered blood pressure of many 
patients with hypei tension but sustained tieatment by smaller doses has 
aided only a few 

3 Pnscol has adienolytic and sympatholytic propeities in patients and may 
also have some histamine-like effect 
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Discussiox — Dr Grourc D Lill\, Miami, Floiida I should like to comnliment 
Doctor Yeagei upon his presentation of tins most timely subject I agree with him 
that \\e must stress the importance of thorough sj mpathectomy 

Due to the fact that I Ine in a semi-tropical climate, I probably see more failures 
than most people, because so manv of these patients come south in the winter to avoid 
some of the miser j which cold weathei produces in persons suffering w'lth peripheral 
lascular disease It has been most discouraging to me to examine manv people who 
ha\e had little or no ,mpro\ement following sympathectomy, onlj to find that thej are 
sweating profasth down to the knee or lower I feel that inadequate sympathectomies 
are guing the procedure a bad name Too many of these procedures have been turned 
o\er to house officers with inadequate experience, and too many of them have been 
attempted bi persons who ha\e not familiarized themsehes with the bizarre anatomy of 
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the lumbar sympathetic nervous system Oui own hospital pathologist, after examining 
some alleged lumbar sympathectic tiunks, has had to make diagnoses of lymphatic chains, 
fascia, fat and connective tissue, and genitofemoral nerve 

I feel that a great many so-called i egenerations are leally not regenerations, they 
most probably represent cases who had an inadequate sympathectomy in the first place 
I have had the misfortune of tiying to operate on some of these people again As most 
of you know, this is a most difficult undertaking, when one attempts to go back through 
the same retroperitoneal incision I have found, howevei, that in many cases an adequate 
sj^mpathectomy can be accomplished by resecting the distal half of the twelfth rib and 
approaching the lumbar sympathetics fiom the sub-diaphragmatic legion, as one does in a 
Smithwick type of sympathectomy In this way, the upper lumbar sympathetic trunk 
can be identified, and the trunk then followed down into the scar tissue of the 
previous operation 

BOOK REVIEW 

Text book of Genet al Surgery, 5th Edition 1948 Warren H Cole, M D , 
and Robert Elman, M D , New York, D Appleton-Century Co , Inc. 

This excellent text book of geneial suigeiy has been revised and brought 
as nearly up to date as is possible in a lapidly piogiessing suigical woild It 
begins with a chaptei on the histoiy and physical examination of the surgical 
patient, then proceeds to develop chapters on the basic surgical pimciples 
of tissue repair, asepsis and antisepsis, infection, chemothei apy, wound heal- 
ing, infusions, anesthesia and convalescence Other chaptei s desciibe the 
principles of the management of amputations, theimal injuries, diabetes m 
surgical patients and the lecognition and management of shock The authois 
have emphasized the pathogenesis and important physiologic, biochemical, 
and bactenologic processes that aie associated with these conditions 

The chapter on neoplasms and cysts classifies and desciibes suigical 
pathology, general principles of management and piognosis of surgical neo- 
plastic pathology and photomicrogiaphs of common neoplasms 

The chapters dealing -with suigical conditions m specific anatomical le- 
gions or systems relate principles of diagnosis, pathogenesis, suigical pathol- 
ogy, and, in appropiiate places, the physiological, chemical and bactei lological 
considerations associated with the disease and its surgical treatment Principles 
of preoperative and postoperative management and geneial suigical pro- 
cedures are described adequately, but the details of technical proceduies aie 
quite properly omitted from this single volume text book of geneial suigeiy 
Appropriate Diagrams and graphs illustrate important principles and there 
are many well placed illustrations of surgical pathologic conditions 

The final chaptei on military surgeiy demonstiates the organization of gen- 
eral surgical services undei wartime conditions and desciibes the pimciples of 
the surgical care of the usual injuiies encounteied in Woild "War II 

Many excellent surgical authoiities have contiibuted to the mateiial in 
this text, presented with exceptional clarity from the viewpoint of general 
surgeons The style is brief and concise This is a superb book of general 
surgery for medical students It is an excellent modern general surgical 
reference book for general piactitioners, surgeons and teacheis of surgery 
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CARCINOMA OF THE BREAST* 

Wm Perein Nicolson, Jr 

AND 

Edgar D Grady 
Atlanta, Ga 

Pessimism continues to dominate the thoughts of the majority of those 
dealing with carcinoma of the breast Education of the laity has bi ought the 
patient in somewhat earlier The use of ladiation, either by loentgen-ray 
and/or radium, either pie- and/or postoperatively, has shown some improve- 
ment m results m the hands of most workers The recent use of hoimones 
may add a ray of sunshine to the daik gloomy pictuie that has existed In 
spite of these improvements, the salvage rate has not mateiially inci eased 
A statistical study is, of necessity, a diy and dull one but it is only by com- 
paring honestly presented figures m many laige groups of cases that we 
can hope to make progress 

This paper will present a study of 905 cases of caicmoma of the bieast 
seen at the Stemei Cancer Clinic in Atlanta, Geoigia, between its inception 
in 1924 and January 1, 1942 One of us (W P N ) reported on the fiist 261 
of these cases, of which 78 weie “primarily opeiable”, according to the dicta 
laid down by the late Burton Lee In addition to these, this lepoit will 
include those cases seen since June 1, 1930, and before Januaiy 1, 1942, 
during which time, 644 cases were admitted A total of 417 weie treated 
surgically In this latter group, the piimarily opeiable cases have not been 
segregated There weie 76 cases in which palliative suigical proceduies weie 
carried out and 341 in which those piocedures weie carried out with the 
hope of obtaining a good result Consequently, this last series will not show 
as good figures as the first One should specify how his figuies are obtained 
These cases were both negro and white in a low income gioup, no piivate 
cases being included m the series They were, as a lule, in a moie advanced 
stage than those seen in private practice and the follow up is not as adequate 
as IS possible with private patients Of the 417 cases, 358 were followed foi 
a period of five years or more Sometimes these follow ups were obtained 
through the bureau of vital statistics and in many instances, it could be 
ascertained that the patients had died but, whether or not they had a lecui- 
rence at the time of their death, could not in every case be determined In 
calculating the percentages, those cases which have been lost sight of weie not 
included in the figures The opeiations weie perfoimed by twenty oi moie 
surgeons, in many instances the resident suigeons The type of operation 
was not the same in each case This study was begun with no idea of proving 
or disproving any pet theory but to evaluate oui work and see where we stood 
In most instances, these patients leceived a pieoperative cycle of loentgen- 
ray treatments, followed in approximately two or three weeks by a radical 

■*=Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesday, December 10, 1947 
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CHIEF COMPLAINT (408) Cases) 



NUMBER OF CASES 
Chart 2 — Chief complaints of cases 



MONTHS 

Chart 3 — Fraction with each column same as in figure one 
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number of patients 






SIZE 
OF Q 
TUMORS^ 
0-1 


o o Q 

CENTIMETERS 

Chart 4 — Size of lumps m breasts 
SKIN CHANGES (417 CASES) 5-YEAR survival 


52 27 % 


36 067 . 


Chart S — Results obtained in 390 cases in which changes 
in skin were noted 

because of pain in their breast Cliait III records graphically, the duration 
of the chief complaint It is discouraging to note that in over 25% of the 
cases, the chief complaint had existed longer than a year, and in less than 
15%, was the patient seen m less than one month after the chief complaint 
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appeared As would be expected, the results m these groups vary directly 
with the duration of the chief complaint until a period of 24 months has 
elapsed and then there’s a sharp rise in survival to be accounted for, pre- 
sumably, by the fact that any growth which has existed over two years, must 
of necessity, be of a relativel> low malignancy 

A history of cancer in the family was not obtained in 76 74% (321 cases) , 
m only 12 23% (51 cases) there was histoiy of cancer other than that 


Table I — Martial Slaltis (4^0 cases) 


Mamed 

Single 

Widowed 


193 

62 

155 


5 Year Survival 69 (40 82%) 

23 (45 09%) 

52 (40%) 


(24 not followed) 

(9 not followed) 

(25 not followed) 


of the breast, and in 6% (25 cases) there was history of cancer of the breast 

There was no history of injuiy to the breast in 80% (331 cases), while in 
5 5%, there is history of an injury followed by a tumor, and in 5 75%, 
history of recovery from an injury and later developing a tumor In 4 31%, 
a history of a breast abscess occurring earlier was obtained, and in only 
1 5% (6 cases) was there a history of an injury followed by an accentuation 
of the growth of the tumor 

A discharge was noted from the nipple in many cases It is considered 
significant, especially if bloody In 78% (368 cases) there was no history 
of discharge In 5 5% (23 cases) theie was history of a bloody discharge, 


Table II — Relation to Menopause {360 cases) 

Premenopausal 

Menopausal 

Postmenopausal 

134 

8 

218 

Survived without^Recurrence 5 Years or More 42 (42%) 

Not foUov.ed (34) 

3 (50%) 

(2) 

50 (31 44%) 
(59) 


Table III 


Simple C Removal of 

Type of Operation Radical Simple Axillary Nodes 


Healing of W ound 

Pre-op 

No Pre-op 

Pre-op 

No Pre-op 

Pre-op 

No Pre-op 


X-Ray 

X-Ray 

X-Ray 

X-Ray 

X-Ray 

X-Ray 

Less than 7 days 

3 08 

none 

5 71 

33 33 

none 

none 

8-10 days 

4 32 

77 

5 71 

none 

none 

none 

11-14 days 

11 78 

7 7 

25 71 

22 22 

none 

none 

16-21 days 

24 7 

26 92 

11 42 

22 22 

28 57 

none 

22-30 days 

17 81 

15 4 

5 71 

22 22 

none 

none 

31-60 da>s 

27 16 

23 1 

20 00 

none 

71 43 

100% 

Over 60 daj a 

14 2 

19 23 

14 3 

none 

none 

none 

Infection 







Present 

17% 

11 86 

18 18 

30 

36 36 

16 67 

Absent 

83 

88 14 

81 82 

70 

63 64 

83 33 
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CLINICAL NODES IN AXILLA (417 CASES) 



YES NO 

Chart 6 — Occurrence of nodes m the axilla 


AXILLARY NODES (334 CASES) oiily oiie-lialf of 1 % was a purulent 

dischai ge noted, and in 3% (12 cases) 

- mzm ^ serious discharge, and in all of 

‘ >8’’ these cases the chief complaint had been 

' something other than a discharge 

In approximately 9i% (390 cases) 
no - theie was a history of having had 

- a lump in the breast In 19, there 

3° " was no history of lump in the breast 

^ The duration of the history of a 

- cases) it had existed for less than 

,0 _ cases) from six to twelve months, 

— — HWHilll and then we note, progressively, 4 5% 

between twelve and eighteen months , 
^ 5 year survival ^ g between eighteen and twenty-four , 

I I 5 Yr without recurrence , , , , ,, , 

3 5% between twenty-four and thirty- 

Chart 7 Occurrence of nodes in until we find that in nearly 

the axilla L r , ' , , i , 

25% of the cases, the lump had 

existed over a year and up to six }ears It is alarming to think that m this 

day of enlightenment and cancer education, a fouith of the patients would 

have a lump in their breast for o^er a year and some as long as six years 

without consulting a doctoi This is ceitainly discouraging 


I I 5 Yr without recurrence 

Chart 7 — Occurrence of nodes in 
the axilla 
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The question of whethei or not pregnancies have occurred is an impor- 
tant one In 72^ (331 cases) theic had been no history of pregnancy 
No conclusions should be diawn from these figures unless one also knew the 
percentage of the same age group in the general population who undergo 
pregnancies About 14% had had one pregnancy and a similar number had 
had two Only 9% had had three piegnancies, and then the number greatly 
decreases to 2% having had seven pregnancies and nearly 5% had eight 
72% had had no miscarriages, 10% one miscairiage, 4 8% two miscarriages, 
2% had had three The duration of the lactations varied Four had lactated for 


PREOPERATIVE X-RAY (417 CASES) 



YES NO 


W//M ® ''EAR SURVIVAL 
I I 5 YR WITHOUT RECURRENCE 

Chart S — Results in relation to wliethei oi not 
pre-operative radiation was given 

less than two months, 27 from two to 12 months, 24 over 12 months, and 
m 185, the period of lactation was not specified One of us (W P N ) 
has previously emphasized the importance of lactation as a prophylactic 
measure in cancer of the breast Drabble examined the udders of all cows 
slaughtered at the State Abattoir at Homebush Bay, New South Wales, Aus- 
tralia, from 1926 to 1929 and found not a single instance of carcinoma of 
the udder, and epitheliomata in only 3 cows Trout, in a paper before this 
association quoted this work, as well as that of Bagg at Memorial, in support 
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of the feeling that stagnation and failure to lactate contributed to the de 
velopment of mammary caicmomas The present day interest m the effect 
of hoimones on cancer in geneial and on cancer of the bieast m particular, 
would emphasize this gioup of cases No consideration of hormonal therapy 
can be included in this leport because none had been administered at Steiner 
Clinic previous to 1942 It is interesting, however, to note any discrepancies 
111 the menstrual history of these patients since this would tend to indicate 
some effect from hoimones In 50% of the cases, the menstrual history 
\\as perfectl}'' normal, and of these, 39% lived five years without recurrences 
In 2%, there was history of a painful bieast at menstruation and in these 
cases, only 14% survived five yeais without recurrences In 3%, an hyster- 


TYPE OF OPERATION (410 CASES) 



RADICAL SIMPLE SIMPLE a EXCISION OF 

AXILLARY- MASS ONLY 

Chart 9 — Types of operations performed with five-yeai survival rate 
and the survival without recurrence in each type of operation 

ectomy had been peifoimed, and none of these survived five 3 'eais without 
recurrence Other abnormalities in their menstiual histones were noted 
in 5 25% and of these, 28% suivived without recuirences, and in 40%, the 
menstrual history was not recorded Table II records the occurrence in 
reference to the menopause It requires very little comment Undoubtedly, 
the lower survival rate m the post-menopausal cases is occasioned by the fact 
that so many of these were cases in which only a palliative operation was 
performed, and in those occurring during the menopause, there was such 
a small number that the percentage of five year suivivals can vary widely 


999 




NICOLSON AND GRADY 


Annals of Surgery 
M a > 19 4 8 


Chart IV records giapliically the size of the lump m the bieast No 
explanation can be offeied for the small peicentage (12 59^) of cases in 
which a lump less than one centimetei in diameter suivived five years with- 
out recurrence As would be expected, the results in the others varied 
directly in propoition to the size of the lump until it was between four and 
five centimeters when there is a slight inciease in the five year salvage 
percentage and then a progiessive drop 

Chart V records giapliically the lesults obtained in 390 cases in which 

FERCENTAGF OP SURVIVAL 
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84% 
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16 - 17 " 
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3 a .99^ 


17 - 18 


56% 


18 - 19 


28% 
■ 53% 


19 - 20 


28% 
■ 33% 




64 09% 


n 

35 91% 


Postoperative survival (358 cases) 
Postoperative survival without roourrenoo 


(304 ceaes) 


Chart 10 — Length of life after operation, with 
and without recurrence 


the changes in the skm were noted The reinaikable things to be noted 
here are that there were no five-year survivals without recurrence in any 
of the cases in ivhich there was a retraction of the nipple, an orange-peel 
effect of the skin, or a fungating tumor without ulceration Fixation of the 
mass to the skin produced a slight decrease in the five-year end results but 
dimpling of the skin apparently had no effect on the result obtained 
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Charts VI and VII piesent graphicall)^ the occurrence of nodes in the 
axilla, noted clinically or b}'' the pathologist In those cases in which a 
clinical presence oi absence of the node was recorded, there was not as 
great a difference in the five- 3 ’'ear survivals without recurrence in those with- 
out nodes and those with nodes, as thei e was in those founa by the pathologist 
In the latter group, these figuies coi respond very closely to those in other 
senes, namely approximately 20 % m which the nodes were noted by the 
pathologist, and about 60% in those m which there were no nodes. 

Chart VIII records giaphically the lesults in i elation to whether or 
not pre-opei ative ladiation was administered It is discouraging to note that 

TUMORS INVOLVING THE BREAST 


ACCESSORY 
BREAST » a 



lower half = 13 8 ENTIRE BREAST » 19 

NOT RECORDED* 2 

CnARr XI — Location of the tumor 

apparently a higher peicentage of cases did veil who had no preoperative 
radiation We feel that the explanation lies m the fact that so many of 
those who were considered hopeless and m which palliative operations were 
pei formed, received pre-operative ladiation In spite of these figures, it is the 
opinion of the Steiner staff that preoperative radiation is beneficial All of 
the far advanced cases, particularly those with ulcerated lesions, received pre- 
operative radiation The delay between the completion of the radiation and 
the operation in this group of cases, was between 1 and 14 days in 25 58% 
(67 cases), between 15 and 28 days in 46 3% (144 cases), and over 28 days 
in 32 15% (100 cases) It should be stressed, in this connection, that one 
should decide the primar}’- opei ability of a case befoie administering any 
radiation, and having made that decision, should not later alter it Many 
cases obviously primaiily inoperable, may later appear to become operable 
following radiation A delay m operating is lamentable but we feel that the 
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good accomplished by radiation, namely the destiuction oi inactivation of the 
cancer cells plus the blocking of the lymphatics by scai tissue, outweighs 
the delay 

The occurrence of an infection was recorded in 18 38% of the 359 
cases in which this fact was noted This, of course, is a very unusually 
high rate of infections However, there were 52 cases m which an ulceiated 
lesion was present In many instances, the apparent infection was really a 
slough produced by the electrosurgical unit used in many cases The use of 
this unit, undoubtedly, increases the instance of sloughing and infections 
and delays wound healing If 52 cases who had sloughing lesions are de- 
ducted, the infection rate drops to 4% Table III lecords that the infection 


Table IV — Use of Skin Grafts (364 cases) 


1 None used 89 29% 

2 Primary grafts 2 74% 

3 Secondary grafts 7 97% 


Table V — Wound Healing (245 cases) 


Per cent 


Less than 7 days 
8 — 10 days 
11 — 14 days 
15 — 21 days 
22 — 30 days 
31 — 60 days 
Over 60 days 


4 49 ■) 

4 49 V 24 49 
15 50 j 
22 89 
13 06 
25 70 
13 87 


late is apparently higher m those undergoing radical mastectomy who had 
had preoperative radiation than those wdio did not have it, but it is distinctl} 
higher in those who did not have preoperative radiation and who underwent 
a simple mastectomy Heie, the group is such a small one that the figures 
can easily be distorted 

Table IV records the peicentage of cases m wdneh skin grafts weie 
employed Not as many skin grafts were used in this senes as are leported 
111 others for several reasons In the first place, following preoperative 
radiation or the use of the electrosurgical unit, the primary skin giaft is 
much less likely to live For the same reason, failures to obtain a living 
graft in the secondary grafts were frequent 

Table V records the length of tune requiied for wound healing in the 
245 cases in nhich this information was available Approximately 25% of 
the w'ounds w^ere healed in 2 weeks, another 25% m an added week The 
dela}’’ in wound healing is undoubtedly due to three factors, pi e-operative 
radiation, the use of the electrosurgical unit, and failure to use skin grafts 
primarily 
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Excoilont 78 (37 5%) 15 (34 88%) 1 (10%) 1 (100%) None 129 (56 05%) 38 (88 37%) 7 (77 78%) 1 (100%) 

Good 61 (29 33%) 21 (48 84%) 7 (70%) Slight 53 (23 04%) 1 (2 33%) 0 

Fur 46 (22 11%) 4(9 3%) 0 Moderate 32 (13 92%) 3 (6 97%) 1(1111%) 

Poor 23 (11 06%) 3 (6 98%) 2 (20%) Severe 16 (6 99%) 1 (2 33%) 1 (11 11%) 
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Table VI piesents the cases grouped accoiding to the pathologic diag- 
nosis, and in the first column, divides them into the percentage of each 
diagnosis in the total of 414 cases Next is presented the occurrence of 
axillary nodes as found by the pathologist In the next group, is the type of 
operation performed m each different type of carcinoma, and in the next 
group, the five-year survivals, and the last group, the five-yeai survival 
without recurrence Perhaps too much detail has been combined m this 
one table but the important figures are in the first and last gioups, namely 
the five-year survival without recurrence in each tj^pe of carcinoma 

Chart IX presents graphically the types of opeiations performed with 
the five year survival rate and the survival without recuirence in each type 
of operation Of the 90 simple mastectomies or simple mastectomy with 
axillary nodes remo^ed, 76 weie done as palliative piocedures This, of 
necessity, reduces the percentage of cases m the five-yeai cure groups We 
feel that in some cases it is hettei to do a simple mastectomy than a radical 
The patient should be treated as an mdnidual No routine management 


Table IX — Lenqlh of Hospitol Slny {258 cases) 
(11 died m hospital and 148 are not recoided) 


Per Cent 


1 — 5 days 

5 52 

6 — 10 days 

41 09 

11 — 14 days 

21 36 

15—21 days 

19 14 

22 — ^30 days 

518 

Over 30 days 

7 71 


should be used in all cases In patients who are 70 years of age oi older, 
or in those whose general health would not justify a ladical operation, or 
in cases of a known low grade malignancy in an older person, a simple 
mastectomy is recommended rather than a ladical The life expectancy in 
these patients is so much shorter than that of a younger patient and the 
added strain of the radical operation jeopardizes her welfare more than the 
possibility of having a recurrence of the tumor This is a dangeious state- 
ment to make, for some might use it as an excuse for not doing the more 
radical operation We feel, however, that m those cases surviving five 
years without recurrence, it is perhaps due to other causes than our efforts 
The good results depend more upon the nature of the tumor and the resistance 
of that particular individual against tumors, than to any other factors There 
have been cases which clinically appeared to be very malignant and which 
uere reported by the pathologist as being quite cellular and likely to return 
both locally and at distant points, and who are Inong as long as 15 years 
On the other hand, there was one patient who was considered as being 
inoperable, who had numerous nodules in the skin and the lesion in the 
breast iias about to ulcerate She was given a preoperative cj^cle of roentgen- 
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lay tieatments and told to letuin foi her ladical mastectomy She failed 
to letuin, was seen again five yeais later still living, but, of couise, with 
her cancel lathei active Had she been operated on, by either a radical or 
simple mastectomy, that opeiation piobably would have been credited with 
giving the five-year cure In the cases who died from the operation, many 
would have survived had they had a simple mastectomy rather than a 
radical one, paiticulaily among the oldei age groups 

Table VII lecoids the use of the aim at discharge and the eventual use 
of the aim and lequires no comment Table VIII records the post-operative 
use of the arm and the swelling of the aim These require very few comments 
other than to state that theie was a higher peicentage of cases who had 

First Recurrence (318 Cases) 


Local 

Axillary node 
Infra or 


52 

26 


16.355^ 


8.18?g 


Supra 
Other breast 
Bones 
Ltmgs 

No recurrence 
Cerebral 
Other places 


clavicular 50 


15.73^ 


9 

32 

29 

113 

6 

1 


2.83^ 



10,06% 


9,1Z% 


I 1.88^ 

0,3155 

Chart XII — ^The site of recurrence 


35.5455 


radical mastectomy and no swelling of the arm, than was anticipated As 
a rule, a patient who is to have a radical mastectomy and a thorough 
axillary dissection will have some swelling of the aim Table IX presents 
the length of the hospital stay and needs no comment other than to remind 
one that m dealing with clinic cases, they are more prone to “like” hospital 
life, and are also frequently kept for the convenience of the House staff 
Chart X represents the length of life after operation, both with and without 
recurrence The five-year survival without recurrence of approximately 
36% IS somewhat lower than is given m most series, but is accounted for 
by the conditions which have been previously noted the inclusion m this 
series of 76 cases who had nothing more than a palliative simple mastectomy, 
sometimes with the removal of some of the lower axillary nodes, and ot 
many instances, m which the operation was perfoimed in spite of distant 
metastases A careful examination of this chart will give the percentage of 
suivivals for each numbei of yeais postoperatively There w^as only one 
patient, w^ho has now lived foi 20 years since her radical mastectoni} , one 
IS living 19 yeais after, and two, IS years after 
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Chart XI records the location of the tumoi As m oui pievious repoit, 
and in most othei senes, the vast majority of caicinomas occuv in the 
upper outei quadiant Of these, 86 2% weie in the upper half of the breast 
One of us (W P N ) has previously offered as an explanation for the occur- 
rence of so many of the carcinomas in this location of the bieast, and of the 
pre-existing mastitis, the fact that the breast is not pioperly supported when 
a woman assumes the upright posture To help pi event this, we feel that 
a good brassieie is a necessity and will do much toward pi eventing cancer 
of the breast Such a brassieie should have two straps in fiont, the lateral 
strap giving the suppoit to that poition of the breast which is most fieqiientl} 


pathologic grade (251 CASES) 



I 31 m 12- 

PATHOLOGICai GRADE 


Chart XIII — Results grouped according to the pathological 
grading of the tumors 

affected Spencer, Inc is cooperating in this effort and makes a vei}'^ satis- 
factory brassiere individually designed and fitted 

Nine deaths occurred within one month of operation This is a rathei 
high percentage, namely 2 16 The cause for death in these cases was in 3, 
a massive infection of the wound with general septicemia or purulent endo- 
carditis In 2 cases, consciousness was never regained One of these, appar- 
ently had signs of a cerebral hemorrhage The other had had onlv a 
palliative simple mastectomy and, m each case, they survived only three 
days Two cases developed mesenteric thrombosis as proven at autopsy 
One had diabetes and a generalized sepsis and died on the 22nd postopera- 
tive day, and another died on the 9th day from a coronary thrombosis 
Onlj one of these was less than 50 5 'ears old and four were over 60 
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No lioimonal therapy had been used at Steiner before 1942 No estro- 
gens nor androgens weie administeied to any case in this senes Surgical 
castiation was not earned out in any case In most instances, m the pre- 
menopausal eia, ladiation over the ovaries was recommended but was fre- 
quently lefused, especially by the coloied patients Only 14 cases m the 
pre-menopausal period received ladiation to the ovaries Eleven of these 
weie followed for five years and 90% or 10 of the 11, were not only 
suivivmg but had no evidence of disease at the end of five years In seven 
of these nodes were noted clinically, and m thiee involved nodes were found 
by the pathologist Of the other 162 cases m the pre-menopausal era who 
did not receive radiation to the ovaries, 39% (56 cases) survived five 
years and 34% (42 cases) suivived for five years without recurrence Of 
the 214 post-menopausal cases, 34% (53 cases) survived five years without 
lecurrence In such a small group as 14 cases, one can not draw conclusions 
but the striking difference between a 90% five year symptom free survival 
compared to less than 35% is certainly significant and would apparently 
indicate that a destruction of the ovaiies, either by surgical removal or by 
radiation in a peison m the pre-menopausal period is to be advised and most 
strongly recommended 

Chart XII records graphically the site of recurrence Over 16% (52 
cases) showed a local recurrence As a general rule, an early local recurrence 
mdicates that the surgeon did not go widely enough from the lesion, or that 
the patient was one who should not have been submitted to surgery Of 
these 52 cases, 39 had received preoperative radiation, m six skin grafts 
had been used, and 49 had received postoperative roentgen-ray treatments 
In 11 of these 52, a radical operation was not performed, in three supra- 
clavicular nodes were noted at time of operation, and m 21 the skin was 
ulcerated, fixed to the mass or showed orange-peel effect 

Chart XIII records graphically the results grouped according to the 
pathological grading of the tumors It is remarkable to note a higher salvage 
rate m the grade IV lesions than in grades II and III No explanation for 
this can be offered othei than the i elatively small number of cases m this group 

COMMENT 

An analysis of the findings and results m 905 cases of cancer of the breast, 
of which 417 were treated surgically, has been presented These have been 
grouped as to age , marital status , chief complaint , history of injury , 
history of discharge from the nipple, history of lump m the breast, dura- 
tion of lump , number of pregnancies and lactations , menstrual abnormali- 
ties, size of lump, skin changes, involved axillary nodes, preoperative 
radiation , infection , use of skin grafts , wound healings , use of arm , swell- 
ing of arm , pathologic diagnosis , t 3 ^pe of operation , location of tumor , 
ladiation to ovaries, and the mortalities analysed 
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CONCLUSIONS 

No definite conclusions can be diawn from a stud}' of such a senes, but 
certain facts are strongly suggested 

1 The relatively young patient isn’t moie hopeless than the oldei ones 

2 Pam in the breast is rarely the piesenting chief complaint 

3 There was no history of familial cancel m ovei 75% of the cases 

4 80% gave no history of injury to the breast 

5 88% gave no history of a nipple dischaige 

6 93 5% gave a history of a lump in the breast, of which 25% had 
existed more than a year, and 14% moie than two yeais only 11% were 
seen m less than a month after the lump was discovered 

7 One third of the cases had had no pregnancy or lactation 

8 Abnormal menstrual histones were noted m only 10% of the cases 

9 The size of the lump appaiently had a definite bearing on the result 
except m the small lumps (of which there were only 10), and those between 
four and five centimeters No explanation is offered for the relatively bettei 
results m the latter group 

10 No case which had eithei a retraction of the nipple, or an orange- 
peel skin, or a fungatmg tumor was salvaged for as long as five yeais Best 
results were obtained m those cases showing no changes m the skin or a 
dimpling of the skin 

11 Those cases who received no preopeiative radiation showed about a 
7% higher salvage rate 

12 In carefully selected cases a simple mastectomy with removal of the 
lower axillary nodes is advocated rather than doing a moie ladical opeiation 

13 The postoperative swelling of the arm is not noted m as many cases 
as previously supposed 

14 Proper support of the breast by a good brassiere is probably a good 
prophylactic measure against so-called chionic cystic mastitis, and peihaps 
carcinoma 

15 Destruction of the ovaries eithei surgically or by ladiation m the 
younger women apparently definitely enhances their chances of survival 

16 36% survived five years or moie without recurrence and an additional 
5% lived that long but had recuiiences 

Appreciation is expressed to the Georgia State Department of Health, and to Mr 
Garvin and Afr Ezelle in particular, for assistance in tabulating results and determining 
percentages 

Discussion — Dr Thomas C Davison, Atlanta Some time ago I reported a series 
of cases from the Georgia Baptist Hospital in Atlanta, and the Sheffield Cancer Clinic, 
in which I divided the cases into private patients and clinical patients I found that in 
private patients there was a fiv^e-year survival of 50 per cent, and in the clinical patients 
there vv'as a five-year surv ival of only 28 per cent One would expect a difference, but I 
was surprised that it w'as so great The private patients are more intelligent, seek treat- 
ment earlier and take advice more readi’y , while clinic patients neglect themselves and 
are not inclined to take advice when given 
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I would like to put m a plea for the deielict breast cases with metatases, both bony 
and soft tissue metastases, following operation Recently at the Sheffield Clinic we have 
been using the male sex hormone, testosterone, to treat these apparently hopeless cases 
We have a series under tieatment now, and m certain instances have had almost startling 
results Tw'o cases who came m on crutches, after having been given 50 mg of testos- 
terone daily for several doses, threw awa 3 ’^ their crutches, while two others who were 
taking morphine for pain, voluntarily stopped its use, others gained weight, felt much 
better and improved in every w^ay In some cases with bony metastases the x-ray show^ed 
recalcification, wdiile still otheis died in spite of tieatment This remedy is not a cure 
and its use is still m the experimental stage We are not claiming anything in the way 
of a cure but simply give you the facts for wffiat they aie worth Its use m these 
patients has been likened to a person jumping out of a plane without a parachute as 
compared to one with a parachute — it lets them dowm easy There is one objection to 
this treatment, some of the wmmen sprout a mustache and develop a hoarse voice 

Dr Edgar D Grady, Atlanta Recent developments in the treatment of cancer of 
the breast by hormonal therapy make it appropriate to re-emphasize the facts brought 
to light in this review, showang the possible lelationship of sex hormones m the genesis 
and regulation of breast cancer It has been shown experimentally that oophorectomy in 
strain C-314 mice reduced materially the incidence of cancer of the breast In a similar 
strain of mice which had a high susceptibility to cancer of the breast, administration of 
androgens has decreased the incidence of spontaneous breast cancer 

We found that the greatest number of cases of cancer of the breast appeared near 
the menopausal age , 246 cases w'ere between the ages of 41 and 60, while there were 90 
cases in the age group of 40 years and under , 81 w^ere m the age group of 60 years or 
more Carcinoma of the breast thus appears to be most fiequently a disease of the 
involuting breast, a breast m wdiicli the hormonal influence has recently been changed 
Of the 10 per cent of our cases w'ho had abnormal menstiual histor es, only 16 3 
per cent survived five years without lecurrence, compared with 39 per cent survival 
without disease m the cases wdio had normal menstrual histones The abnormality of 
menstrual history demonstrates the disturbance in the patient’s production or regulation 
of her sex hormones The response of menstruation to hormonal stimulation was unusual, 
and her breast cancer was also unusual 

In the 11 pre-menopausal patients who received radiation castration and who were 
followed for five years, 10 of the 11 had no evidence of disease at the end of that five- 
year period 

We feel, then, that breast cancer is an endociine problem as well as a surgical and 
radiologic problem It is our aim to give greater hope to the woman with breast cancer 
through early diagnosis, improved theiapeutic measures and improved palliative therapy 
Dr Isidore Cohn, New Orleans (closing) - Since Dr Nicholson has emphasized 
that their patients are getting pre-operative radiation, I want to make it clear that we 
have not used, so far as I know, pieoperative ladiation, I know this has been done in 
none of my cases These patients who come in on an average of a year and a half after 
symptoms I waste no more time on , it has been long enough already 

When we say 62 per cent had lymph nodes in the axilla, I meant that they were 
palpable Recently I operated on a patient in whom I could palpate no lymph nodes, but 
the pathologist found carcinoma cells in three out of 24 small Ij'mph nodes 

I have had less trouble since using the transverse incision (Stewart) in the last 
thirty years, so far as arm movement is concerned 

Dr Colin’s paper “Further Study of Carcinoma of the Breast in the Negro” will 
appear in the Southern Surgical Transactions, Vol 59, 1947 
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RATIONALE AND RESULTS IN RETROPUBIC PROSTATECTOMY' 
Owsley Chant and Robert Lich, Jr 

LOUISVILLE, KY 

FROM THE UROLOGICAL DEPARTMENT Ot THE UM\LRS1TV OT LOUISVILLI 

Three methods or removal of the pi estate gland have been recognized 
up to recent months No one of these has been wholly satisfactory, and each 
has been characterized by several very unfavorable featuies It is in no wise 
the purpose of this paper to enter into a controversy of the relative merits 
of these three methods, but in older coiiectly to deteimme the value of 
Retropubic Prostatectomy it is necessary briefly to review the shoitcommgs 
of the three standard types 

The suprapubic operation has the highest mortality, it requires passage 
through the bladder mucosa twice m ordei to reach a gland which, m truth 
lies entirely outside the bladder The enucleation of the gland is done blindly, 
and It necessitates rubber bags and packs to control the hemorrhage In 
addition, it offers no possibility of removal of a carcinomatous gland which 
has invaded the capsule 

Transurethral resection seems to us a procedure well adapted to small 
glands and median bars and for purely palliative treatment in the inoperable 
obstruction of carcinoma Faith in its further extension however is main- 
tained by some excellent urologists, but since the first fanfare of its introduc- 
tion it has lost many of its hardy enthusiasts Likewise, its moitahty m large 
glands is very high except m the hands of very excellent resectiomsts Its 
morbidity is prolonged by the necrosing of tissue electrically treated, stricture 
of the urethra is a frequent sequela and an enormous percentage of resections 
have to be repeated later or the glands removed by surgical methods because 
of remaining or recurring adenomata Like suprapubic prostatectomy, the 
resection is unsuccessful m the radical removal of prostatic carcinoma and is 
far more likely to leave intracapsular malignancy than even suprapubic 
enucleation 

Perineal prostatectomy is truly a surgical opeiation, the gland being 
enucleated under direct vision, hemorrhage being completely controlled by 
suture It has the lowest mortality of the three recognized methods when 
large glands are removed It also possesses a great advantage in that it is 
readily applicable to removal of the malignant prostate which has involved 
the capsule The postoperative morbidity is low and the patients have a 
minimum of surgical shock However, it has its serious drawbacks as well 
The position on the operating table is a definite strain on the patient, it 
requires trained surgical skill and a thorough knowledge of peiineal anatomy, 
a cooperatively trained team and considerable special equipment Even in 
skilled hands there is frequently some temporal y incontinence from a few 
days to a month or two , and m inexperienced hands the results are terrible, 
persistent fistula, injury to the rectum and complete incontinence being ver\ 

♦Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Wednesda 5 , December 10, 1947 
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frequent sequelae In a great majority of patients sexual potency is lost or 
much impaired 

The operation of Retiopubic Pi ostatectomy as devised and described by 
Mr Terence Millin, a famous urologist in London, has a completely new 
approach The space of Retzius has been anathema to urologic surgeons 
since the beginning of suprapubic procedures on the bladder, and indeed at 
least SIX different methods have been devised by advocates of suprapubic 
prostatectomy to seal off or occlude this space of histoiical potential danger 
when operating Nevertheless it is directly through this space that the new 
approach to the prostate has been made, and apparently the stone i ejected of 
the builders has become the chief cornerstone 



Fig 1 — (A) Skin incision 

(B) Exposure of vessels in adipose tissue 
a^nsdeo oueisoad Suusaod 


The technic of the procedure is shown in Figuies 1 to 5 The skin incision 
may be vertical or transverse, at the present time we prefer the transverse 
for better healing The skin and subcutaneous fat are incised to the rectus 
sheath which is then likewise cut transversely and the recti muscles separated 
The insertion of a two-blade retractor then thoroughly exposes the field 
In the wound can be seen the space beneath the pubic arch, the preprostatic 
layer of fat which ordinal ily occupies the space of Retzius and the vessels 
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coursing through this fat A third blade of the retractor is then introduced 
to push back the previously emptied bladder Then on each side of the pros- 
tate, now covered with the fat and tissue containing the vessels, a gauze pack 
IS introduced well under the pubic arch region and practically up to the 
posterior layer of the triangular ligament These two packs are to isolate 
the prostate and more accurately to define its extent The vessels in the 
tissue over the prostate are then ligated with sutures They consist usually 
of two or three distinct branches and can be readily seen The sutures ligating 
these vessels should be carried deeply by the needle even to entering the 
capsule A pair of curved long blade Mayo scissors are introduced into 
this incision and the prostatic adenoma loosened from its bed and the 



' Fig 2 — (A) Incision in the capsule between 

the ligated vessels 

(B) Division of the urethra at the apev 
within the prostatic capsule 

urethra cut across near the prostatic apex The gland is then enucleated, 
beginning at the apex tozvai d the bladder This is done either with the fingei 
or with the blunt scissors When the enucleation has reached the vesical 
neck, the gland is lifted well into the wound and separated from the bladdei 
by blunt dissection As the gland is peeled off the bladder the prostatic 
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aiteiies, which usually aie located at the lower sides of the vesical neck, can 
frequently be seen and caught by clamps even before the gland is com- 
pletely freed The enucleation is then finished, and if the prostatic arteries 
have not been already caught, they are readily seen and are ligated with a 
figure of eight sutures which extends into the base of the capsule We con- 
sider this step extremely inipoitant and to it attribute our minimal loss of 
blood at operation and the clear urine postopei atively In our early cases we 
did not secure these vessels so caiefully and definitely determined that the 
one case of postopei ative bleeding came fiom this area The lateral packs are 
now removed 



Fig 3 — The enucleated gland delivered being trimmed from the vesical neck 


The bladder is digitally examined for calculi or diverticula Five of our 
cases were complicated by vesical calculi, in two cases large multiple ones 
which were readily removed through the vesical neck b> means of forceps 
With the exception of dilating the mouth of diverticula, we have done 
nothing towaid correcting this condition but it is well to recognize the pres- 
ence of diverticula, since they may cause some amount of residual urine post- 
operatively Of thiee cases with diverticula two required considerable lavage 
postoperatively before they cleared 
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The bed from which the gland has been enucleated is inspected under 
direct vision foi any stray nodules or tags If the gland has been neatly and 
completely removed, the prostatic bed is dry A catheter is then introduced 
from the meatus and passed into the bladder This is then gently irrigated to 
wash out any clot or detritus The cut sui faces of the capsule are drawn 
together with sutures passing well into each side We now use continuous 



Fig 4 — Ligation of the prostatic arteries 


sutures foi this purpose The wound should be perfectly dry It is impoi tant 
to carry these capsular sutures well into the angles, since it is usually at this 
point vessels may be present that were not caught in the sutures taken prior 
to incision of the capsule A small piece of rubber tissue is introduced to the 
suture line in the prostatic capsule to care foi any serious seepage and the 
wound closed completely about this tissue drain The dram is removed usually 
on the second or third day 
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In perfoiming radical prostatectomy retropubically, the steps aie the 
same up to the point of incision m the capsule Aftei the veins have been 
ligated the fatty tissue is retracted and the puboprostatic ligaments come 
leadiJy into view These aie severed and the prostate at its apex is quite free 
The apex is cut across at the triangulai ligament and turned toward the 
bladder with the capsule intact This readily separates fiom the rectum and 



Fig 5— (A) Closure of prostatjc capsule ovei a retention catheter 
(B) Skin closure with cigarette drain 


the seminal vesicles are clamped and removed with the intact prostate if 
desiied It is wise to remove vesicles in caicinoma peihaps, but in the 
fibrous prostate, especially those with calculi which are removed with the 
capsule intact, extirpation of the vesicles is not necessary The gland is then 
cut free from the bladder neck and the bladder neck anastomosed to the distal 
urethra We found that when the pubo-piostatic ligaments are cut the length 
of the distal urethra is fully sufficient for anastomosis to the bladder neck 
Our series is too brief, fifty cases, and the time elapsed 5 months, too 
short for final judgment, but to date we have been so pleased in eveiy respect 
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that we feel quite justified in calling this operation to your attention It 
IS in truth peifoimed like a peiineal pi ostatectomy upside down, having all 
the advantages of that proceduie including ability to lemove the piostatic 
capsule and vesicles ladically when desired, without the possibility of perineal 
injury and the disturbance of the pelvic floor which at times occasions 
incontinence and sexual impotency 

Table I shows the morbidity and complications encountered It will be 
seen that we met with diabetes five times, stone m the bladdei foui time's, 


Days of Postoperative Hospitalization 


6 8 
Days 


diverticula three times, and two ladical opeiations were done for predeter- 
mined carcinoma In oui 50 cases we have had no mortality which, in these 
days of surgically peifoimed pi ostatectomy is not unusual, but we have had 
Table II Single fistula, no single case of 

Summation of catheter drainage days and incontinence which is better than 

postoperative hospitalization days i 

oui experience with any similai 

number of cases performed in any 
Doys of Catheter other manner We have not made 

a complete survey of sexual potency 
but we have had no voluntary com- 
plaint and in 25 cases that we have 
Doys of Postoperative Hospitalization questioned none have commented 

upon any alteration in the sexual 
Q 2 ^ Q Q IQ 12 (4 powers from that piior to operation 

Doys Witli the precise control of bleeding 

the loss of blood is so minimal that tiansfusion to replace volume is not 
sary One of oui eailier cases bled because we had not secured the prostatic 
aitery, but this was controlled as soon as recognized 

In addition to our own personal satisfaction with these cases, we can add 
that both our patients and our nurses who are astounded by the smooth 
postoperative course Most patients are up the second day, postoperative, 
voiding without a catheter by the fifth or sixth day and ready to leave the 
hospital by the eighth day (Table II) We are not prone to lelease a 
prostatectomy patient from the hospital too early, but since we have had no 
single case of epididymitis, one phlebitis and no serious infection, we aie now 
dismissing most of them on the twelfth day 

No surgical method that we know of is faultless, and the removal of a 
diseased prostate is as little likely to present perfect results in every case as 
any type of surgery Our advocacy of this method is not based on any pride 
of discovery or invention because indeed we theoretically criticized Mr 
Millin’s articles with him over a year ago and undertook the operation wuth 
little conviction of its success Certainly at the present time we are enthus- 
iastic disciples of his Fanaticism for any one method of prostatectomy has 
been a gieat drawback to surgical urology for at least three decades Every 
surgical urologist should be able to perform all types of prostatectomy Only 
after having done many of each is he at all qualified to judge their merits 
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because unquestionably there is a place for each type We have felt that no 
other series of fifty cases of any other type have yielded consistent results 
comparable to those of the retropubic route Sufficient data and number of 
these cases have not been collected in this country to warrant our prophesy- 
ing this procedure as the apotheosis of prostatectomy but at least we feel 
that if it IS not the best it is better than the rest 

Since the submission of this paper for publication, we have added 45 
cases of retropubic prostatectomy to the series with the same continued satis- 
factory results 

Discussion — Dr. Hamilton W McKay, Charlotte, N C Doctor Grant has said 
that the urologists have three standard operations and, when indicated, any one of the 
three gives excellent results in skilled hands The operation described by him and advo- 
cated bv Millin of London gives urologists a new approach to the prostate which offers 
many possibilities 

I am especially interested in oiagnosis of and radical operation for early carcinoma 
of the prostate which will not produce temporary incontinence, and I believe that the 
retropubic approach to the prostate would be ideal for a radical operation We know 
that m a radical perineal prostatectomy for carcinoma where the bladder is anastomosed 
to the urethra, patients do get temporarj incontinence from a few weeks up to three 
months In mv opinion there is no complication which gives a patient so much concern 
or the urologist so much trouble as dribbling of urine 

Few of us have had an opportunity to master the technic of this operation I am 
fully aware that the operation is not without complications, for such complications as 
osteomyelitis of the pubic bones, hemorrhage and others ha\e already been reported, but 
I do believe that all urologists interested in piostatic surgery should master the technic 
of this operation as soon as possible 

I personally want to thank Doctors Grant and Lich for this presentation, and I am 
sure it will be a splendid contribution to surgical literature 

Dr Henry L Douglass, Nashville, Tenn I said that I was not going to discuss 
this paper, but I do want to ask some questions 

The first question is on the approach For many years, as Doctor Grant pointed out, 
the space of Retzius was tabu How well can the prostatic capsule be exposed through 
the retropubic space, and does this approach facilitate exposure and shorten the operation 
as compared to the transvesical route I can see the advantages (i) of not opening the 
bladder and thereby avoiding prolonged drainage of urine through the wound and, (2) 
the avoidance of shock by better hemastasis which apparently the retropubic route permits. 

Does postoperative catheter drainage adequately protect against leakage of urine int., 
the retropubic spaced If such leakage should occur, are the consequences as severe as we 
hai e in the past believed them to be ^ 

Doctor Grant’s experience with 50 cases indicates that retropubic prostatectomy has 
many advantages and little postoperative morbidity It appears to be a great improvement 
in the treatment of prostatism, and I wish to thank Doctor Grant for bringing the 
operation to our attention 

Mr Gui Blackburn, Guy’s Hospital, London, England I should like to congrat- 
ulate Doctor Grant on the series of cases he has discussed and, from my own experiences 
of a few cases, to add one or two points The first is to suggest that a vertical incision 
IS best in a thin patient for a one-stage operation, but a transverse incision may be 
preferable when the operation is done in tw'o stages Alillin in fact does this With 
regard to the bladder neck, some of the early cases de\ eloped strictures, requiring subse- 
quent perurethral resection, and Millin’s practice now^ is to cut out a V-shaped piece of 
bladder just abo\e the internal meatus to a\oid it 

I behe\e, in fact, that the Millin operation has made retropubic prostatectomy safe 
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for the general suigeon, piovided he has special instruments, adequate light, good suction, 
and a diathermy appaiatus The time of operation obviously vanes in different hands, 
but the experienced will often complete it in approximately half an hour 

Dr Edgar Burns, New Oi leans I would like to ask Doctor Grant a few questions 
based primaiily on what has been the experience of some of the other American operators 
First, the amount of hemonhage lost during the operation, second, whether or not he 
has had any late postopei ative hemoi i hage as reported by a number of operators , third, 
whether or not any obstruction has occurred during the first few weeks or as late as two 
or three months, fourth, has he had any cases of osteitis pubic, which has also been 
reported by some of the Americans 

I do not think we can anticipate that the retropubic approach will be applwable to 
all cases of prostatic obstruction any moie tnan any othei method is applicable to all 
types Contracture of the vesicle neck and prostatic bars can be removed easily by 
transurethral resection and piobably should continue to be treated by that method Per- 
haps 95 pel cent of obstructions due to piimary carcinoma of the prostate have infiltrated 
the periprostatic region by the time symptoms occur and do not lend themselves well to 
any type of open operation On the other hand, tiansurethial resection for this type is 
ideal and will probabl}’' remain the method of choice until some non-operative cure for 
cancer is available For the eaily carcinoma still confined to the capsule, the retropubic 
operation appeals to offer distinct possibilities I do not believe, however, that Doctor 
Grant or any other operator, including Mr Millin, has had enough experience with this 
approach to early carcinoma to properly evaluate it at this time Whatever one’s approach 
to the benign lesions of the bladdei neck may be, a good functional result is an iron-clad 
requirement, the morbidity should be minimal and the mortality, even on a teaching 
service where a large numbei of the operations aie done by the residents, should be less 
than 5 per cent We run a teaching service and expect to add the retropubic approach 
to the other methods already in use Further experience may prove that the retropubic 
operation is better for the large benign hypertiophics and early carcinomas 

Dr Owsley Grant, Louisville, Ky (dosing) We feel that retropubic prostatectomy 
IS an added implement to the armamentarium of piostatic surgery that does things other 
operations will not do We are peisuaded that incontinence, temporary or not, is not due 
to the fact that the sphincter is injured, but to the disturbance of the pelvic floor, and 
this IS obviated by this procedure The removal of a wedge from the base of the bladder 
neck we have felt unnecessanq since w^e have used meticulous care to suture the bladder 
neck when we tie the prostatic vessels The bladder neck suture includes a bit of cap- 
sular tissue and this fixes the neck As to capsular involvement in prostatic carcinoma, 
w'e know some cases which at first appeared inoperable have been reduced to operable 
cases by the use of estrogens No operation which is incompetent to remove the prostatic 
capsule can ever be considered as the sufficient operation for all types of prostatic 
obstruction 

Our average blood loss by hemonhage at operation is two ounces or less Postoper- 
atively, the urine is pink-tinged for about eight houis and then remains entirely clear 
The usual blood loss is quite negligible due to very careful suturing We had one post- 
operative hemorrhage in the eaily cases We employ no hemostatic tissue or solution 
No special instruments are necessaiy but a good boomerang needle is helpful 
The time is less than foi perineal prostatectomy because exposure is so much more 
readily accomplished and closure is easier, since reconstruction of the pelvic floor is not 
required The average time is about foity minutes 

I should not want you to think that this is a twm-stage operation, as someone has 
mentioned a twe-stage type It is, hoivever, equally and satisfactorily applicable if, for 
unusual reasons, it has been deemed advisable to dram the bladder at a preliminary 
operation 

So far, in our hands, retropubic prostatectom\ wall do anything that anj other 
surgical prostatectomy wall do, and with less morbidity or uncomfortable sequelae 
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CURRENT TRENDS IN SURGERY OF THE DISTAL COLON AND 

RECTUM FOR CANCER* 

A Stephens Graham, M D , M S 
Richmond, Va 

Choice of operative procedure m cancer of the distal colon and lectum 
continues to hinge upon the acceptance or non-acceptance of colostomy, 
either temporary or permanent, as an integral pait of the procedure This 
has been a debatable subject since 1839 when Amussat^ urote m the defense 
of colostomy By 1938 — when I last made a complete suivey- of opinion in 
this field — most English speaking surgeons had accepted the proposition that 
abdominal colostomy is an essential adjunct to a proper extiipation of the 
rectum and rectosigmoid Moreover, they undeitook m most instances a 
multiple stage resection of the distal colon, such as the Rankin obstructive 
resection This near unanimity of opinion developed only after niany years 
of painstaking ground-work by such stalwait pioneers as Miles and Lockhart- 
Mummery and subsequent demonstration by an ovei whelming array of 
statistical data^ of the soundness of their principles by Giey Turnei, Gordon- 
Watson, Abel and Gabriel in England, VVilkie and Fraser m Scotland, 
Graham of Toronto, and in this countiy, Daniel Fiske Jones, Mayo, Cheever, 
Rankin, Stone, T E Jones, Pemberton, David, Pfeifter, Lahey, Brindley, 
Coder and a few others Almost alone among geneial surgeons of wide 
experience m surgery of the large bowel at this time was Babcock,® who since 
1932 had consistently condemned any piocedure which required abdominal 
anus 

The tide of opinion, influenced by seveial factors, began to turn by the 
end of the last decade Those surgeons who are unable to become reconciled 
to a colostomy life for their patients were prodded to unusual activity by the 
stimulus of the pathologic researches of Gabriel, Dukes and Bussey (1935),** 
Gilchrist and David (1938),'’’ and Collei and his coworkers (1940)® in 
which It Avas determined that the infeiioi zone of spiead of malignancy 
through the lymphatic channels m cancer of the rectosigmoid and rectum 
was relatively meager Commenting on the findings of Dukes, Lynch m 
1938' expressed an opinion in which many other surgeons weie soon to 
concur Tt permits,” stated Lynch, “one to discard entirely such radical 
and unnecessary operations as that popularized by Miles” 

Another factor has been the tremendous gain m popularity of surgery of 
the large bowel as compared with a decade ago when relatively few under- 
took all the surgery m this field Now almost every young general surgeon 
and an increasingly greater numbei of proctologists, on completion of their 
residencies, consider themselves fully qualified to perform this type of sur- 
The necessity of re-exploration of the question of colostomy has been 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Thursda>, December 11, 1947 
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iccogiii/cd both by this new geuciation and also by a consideiable numbei 
of llie older geneial suigeons and pioctologists whose inteiest in lescctions 
ol the colon and lecUiin foi cancct wms late in de\ eloping 

^Maii} oi us who sencd in the Aimed Foices leUuncd to civilian piactice 
complclel} confused b} the tangled web of cndeavoi in this field It w^a^ 
difficult to determine the true status of tieatment foi caicinoma of colon 
and rectum. A few suigeons had published ai tides unequivocally accepting 
sphmctei-sa\ing opciations as the pioceduie of choice Others, notabl} 
Wangensteen,^ were less posituc as to the ultimate meiits but were, nevei- 
thcless, fa\orablc to these measures, piimaiiK it would seem because of a 
decided peisonal aicision to colostomj' Few w’ho w^eie pie-eminent in this 
field had recentl} published then opinions 

In oidei to clanh this situation, pieliminar}^ to revision of our mono- 
graph- on cancel of the laigc intestine. Di Rankin and I sent questionnaires 
to surgeons in this countn, Canada and Great Biitain In addition to ques- 
tions dealing with the choice of opeiation foi cancer of the distal colon, 
rectosigmoid and rectum, inquiiies weie made concerning the employment 
of complementary proximal drainage and chemotherapy An inquiry of this 
nature would piesumably be of gicatci significance if lestncted to an analysis 
of the news of surgeons with lelatively large and piolonged experience in 
the tieatment of cancer of the laige intestine Wheie differences of opinion 
among colleagues m a few of the large institutions existed, their separate 
\iews ha\c been recorded On the othei hand, m many instances opinions 
of qualified colleagues weie identical, m wdnch ciicumstance only the conclu- 
sions reached b} the group weie tabulated Actually, therefoie, the 50 
expressions of opinion analyzed m this suney aie lepicsentative of a some- 
what larger number of individual surgeons The department of surgeiy of 
31 medical schools and seven clinics aie repiesented 

It occurred to me that the value of this survey w^ould be enhanced if 
the opinions of a few suigeons, geneiall} consideied leaders in this field, 
were contrasted w'lth those of the lemamdei of the group Accoidingly, ten 
were selected whose pre-eminence few' w'ould question Each has had a 
large experience wdiich has extended ovei a period of moi e than 1 5 years The 
results of this survey wnll be considered question by question 

In approximately w'iiat perccktagc or cases or cancer or the left 

COLON DO YOU PEREORM PRIMARY ANASTOMOSIS APTER RESECTION^ Do YOU 
EMPLOY OPEN OR CLOSED METHODS^ 

A study of answ'eis to these questions revealed a decided trend awxi} 
from extraperitoneal, multistage opeiations and a tendency tow'aid moie 
frequent use of the closed method of anastomosis Three indicated that 
primary suture was undertaken only on raie occasion Four others claimed 
a hundred per cent performance The varied incidence of performance is 
recorded in Table I as well as the relative frequency of employment of the 
closed and open technics of anastomosis 
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Sixty-two per cent of the combined gioups estimate that they use primary 
anastomosis m 75 to 100 per cent of cases, 36 or 72 per cent of them use 
this method in 50 per cent or more of cases In the smallei group 60 per cent 
believe they employ this method in less than 25 per cent of instances, the 
remaining four estimate a peiformance of 90 per cent or better Sixty per 
cent of the combined groups use a closed method , in the smaller group there 
IS an even division 

A difference of opinion prevails as to which single factor is chiefly respon- 
sible for reasonably safe accomplishment of lesection and immediate anasto- 
mosis, but most of the surgeons who made special comment on the subject 
considered the following to be contributory (1) The advent of chemothera- 
peutic agents for oral use during the preoperative period, (2) a better 
understanding and utilization of preoperative preparation, especiall}' as 
regards anemia and serum protein deficiency, and (3) improvement m anes- 
thetic methods In addition to these influences, a number of surgeons, 
especially Stone,® believes that a closed type of anastomosis contributes 
materially to the success of this undei taking Somewhat moie controversial 
are values placed on antecedent or concomittant use of decompiessive 
measures 

In 1942 Stone, in a valuable contribution to the subject in which McLan- 
ahan collaborated, gave considerable impetus to the developing trend toward 
resection and immediate anastomosis of the colon More recently technical 
methods and reasons for preference of piimaiy anastomosis over extraperi- 
toneal resection have been reported by White and Amendola,^® Whipple,^^ 
Waugh and Custer,^® Clute and Kenney,^® Myer, et al,^^ Hoxwoith,^^ Wan- 
gensteen,® MacFee,^® and Ravdin 

T E Jones,i® Rankin,^® Lahey, and David®® have lepeatedly urged 
that the old-type Mikulicz opeiation not be confused with the newei concept 
of extraperitoneal resection, exemplified by the obstiuctive resection of 
Rankin They believe that m many, if not m most instances, an exterioriza- 
tion measure, rather than primary suture of the bowel, is the propei choice 


Table I — Reseckon and Immediate Anastomosis of the Distal Colon 



Incidence of Performance 

Method of Anastomosis 


5-24% 

25-74% 

75-100% 

Closed 

Open 

Both 

Group I 
(40 Surgeons) 

2(5%) 

11(27%) 

27(07%) 

25(62%) 

11(27%) 

4(10%) 

Group II 
(10 Surgeons) 

6(60%) 

0 

4(40%) 

5(50%) 

5(50%) 

0 

Total 

8(16%) 

11(22%) 

31(62%) 

30(60%) 

16(32%) 

4(8%) 


that ample statistical data on resectability, mortality and five-year survivals 
attest the adequacy of this mode of resection, by which as gieat an extent of 
colon and gland-bearing mesenteiy can be removed as in resection and imme- 
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diate anastomosis Jones still cmplo}s obstiuctive lesection altogether foi 
lesions of the distal colon, DaMd in all but 5 to 10 pei cent of cases, and, 
Lahe} , and Catlcll in all but 10 pei cent of such lesions 

IMacFee,^^’ long an advocate of piimaiy anastomosis as the procedure of 
choice, rcccnth aptly expicsscd the concern with which a number of us have 
Mewed the all-oi-none attitude adopted by many surgeons m regard to 
piimar} sutuie of the distal colon after lesection It reads “When primary 
resection is intended and an unfoisecn complication is encountered, there is 
always the inclination to piocced with the definitive operation as planned, 
bearing in mind, but at the same time disiegaiding, the fact that conditions 
for the operation aie not ideal The lesults may be chastening to the surgeon, 
and irrcparabh bad foi the patient It is the middle giound cases that offer 
the greatest temptation and, theiefoic, the gieatest dangei ” Acually, McFee 
has been able to accomplish piiman anastomosis after resection in not more 
than 25 per cent of his cases 

Contro\crs} continues conceining the lelative meiits of the closed and 
open methods of intestinal anastomosis Despite stienuous ciiticism by 
Whipple,” ^Mejers,^'’ and otheis. of the aseptic technics, particularly those 
that emplo} special clamps, then popiilaiity has giown steadily since 1937, 
when a survey made b} us re\ealcd almost univeisal pieference for the open 
anastomosis Stone, Rankin. Wangensteen, Waugh \\’hite, Pemberton and 
Dixon are among those who bche\e moitaht) is favorably influenced by the 
closed technic Collci,-‘ who sa}s that the aseptic method of anastomosis 
has become increasingly populai wuth then suigeons, believes that the striking 
point of diffeicncc between the two methods is not that peritonitis is more 
apt to occur with the one oi the othci, but that wnth any open anastomosis 
there is a high iisk of contamination of the abdominal w^all wdiich withstands 
infection less well than the peiitoneum 

no YOU ROUTINCLY ESTABLISII COMPLEMENTARY PROXIMAL DRAINAGE^ 

Results of this phase of the survey aie shown m Table II Fifteen, notably 
Ravdin,” Dioxn,”' R Giaham,-'’ Whtie,^® Whipple,”-^® and Falhs,^^ regu- 
larly establish complementai y diainage by means of cccostoniy, transverse 
colostomy or appendico‘?tomy , seven piehminaiy to resection and anasto- 
mosis and the lemaindei at the time of operation Tube cecostomy is favored 
over othei methods Only thiee expressed pieference foi the Devine type 
of colostomy A numbci of those wdio commented on this piocedure consider 
It unnecessarily complicated and arc m agreement wuth Dennis,^® Falhs,^'^ 
and Wangensteen, w'ho believe satisfactory defunctionahzation and decom- 
pression can be attained by a simple loop colostomy Stone,® Waugh,^®, 
Meyer, et al,^^ and Wangensteen® have recently taken positive stands to the 
effect that proximal drainage is not essential to a low mortality in primary 
suture of the left colon Ravdin^" considers decompression with the Miller- 
Abbott tube befoie, duiing and after lesection to be an important contribu- 
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Table II — Compleinentary Drainage in Resection of the Left Colon 
(50 Surgeons — Group I, 40, Group II, 10) 


Routine Employment of Surgical Decompression 


Group I 

11 (27 5%) 

Group II 

4 (40 0%) 

Both 

15 (30 0%) 

Preliminary to Resection 

Group 1 

5 

Group II 

2 

Both 

7 (47 0% ot 15) 

At Time of Resection 

Group I 

6 

Group II 

2 

Both 

8 (53 0% of 15) 

Types of Decompression 

Cecostomy 

6 

Transverse Colostomy 

4 

Cecostomy or Colostomy 

4 

Appendicostomy 

1 

Miller-Abbott Tube 

5 

Wangensteen Suction 

17 


tory factor in the reduction ot mortality in primary resection Although the 
tube did not always go through the ileocecal valve, Ravdm found it frequently 
did and thus obviated the necessity of a pioximal diainage operation in 
many lesions of the distal segments of the colon Only four other surgeons 
indicated that they made regular use of long tube decompression Seventeen 
find decompression by means of an indwelling duodenal tube adequate in 
most instances 

DO YOU ROUTINELY EMPLOY CHEMOTHERAPY ^ PRELIMINARY TO, OR AT THE 
TIME OF OPERATION? IN WHAt FORM? 

The answers to these questions are recorded m Tables III and IV 
Forty-two, or 84 per cent, indicated regular use of chemotherapeutic agents 
The small minority is equally divided between the two groups, constituting 
10 per cent of the laiger and 40 per cent of the smaller gioup Twenty-seven 
limited use of the sulfonamides to the preoperative oral administration ot 
sulfasuxidme oi sulfathalidme Fifteen, at the time of operation also instilled 
sulfanilamide or sulfathiazole into the peritoneal cavity All but one of these 
are of the larger group Penicillin is utilized postoperatively for periods of 
from three to ten days by 22 Only five regularly employ oral streptomycin 

preoperativel}!^ Four others give sulfadiazine, orally oi intravenously, as the 
drug of choice 

It IS difficult to evaluate the favorable influence of any one theiapeutic 
agent This is particularly true of the sulfonamides and antibiotics for there 
have been no large series of cases reported in which adequate controls, run 
concurrently, have been piovided 

Stone, Lahey, Cattell, Jones, Wangensteen and Guid either use chemo- 
t lerapy rarely or not at all Allen expressed the conviction of a number 
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Table III — Chemotherapy in Surgery of the Large Intestine 
(50 Surgeons — Group I, 40, Group II, 10) 


Routine Use of Chemotherapeutic Agents 


Group I 

36 (90 0%) 

Group II 

6 (60 0%) 

Both 

42 (84 0% of 60) 

Preoperatively, Only 

Group I 

22 (61 0%) 

Group II 

5 (83 0%) 

Both 

27 (64 0% of 42) 

Preoperatively and at Operation* 

Group I 

14 (39 0%) 

Group II 

1 (17 0%) 

Both 

16 (36 0% of 42) 


♦Sulfanilamide, 14, sulfathiazole, 1 


Table IV — Chemotherapy in Surgery of the Large Intestine 
Types of Agents Employed 


Preoperatively (Orally) 

Sulfasuxidine or thahdme 

33 

Sulfadiazine 

4 

Steptomycin 

5 

At Operation (Intraperitoneally) 
Sulfanilamide 

42 (84% of 50) 

14 

Sulfathiazole 

1 

Postoperatively 

Penicillin 

15 (36% of 42) 

22 

Streptomycin I M 

1 

Sulfadiazine I V 

4 

Sulfathaladine, orally 

(5)* 


27 (64% of 42) 


*Also_uses penicillin 


who have communicaled with us when he said, “The added benefits ot chemo- 
therapy have doubtless placed a role, but we believe too much credit has 
gone in this direction Carefully controlled anesthesia, blood replacement, 
and better technical surgeiy, have really been the chief reasons for better 
results in our opinion ” Pemberton, on the other hand, feels that changes 
which have occurred in surgery of the colon since the introduction of chemo- 
therapy have been “as spectacular and revolutionary as the changes wrought 
by iodine therapy in surgery of exophthalmic goiter ” Other than use of 
chemotheiapy, he stated, there had not been any major change in the 
management of colonic and rectal caicmoma at the Mayo Clinic during the 
past ten years, yet the over-all mortality rate progressively decreased after 
the routine employment of chemotheiapy was instituted 

Ravdin,^"^ et al, lecently said that since the action of oral sulfonamides 
on intestinal bacteria is highly selective, the usual or even larger, doses are 
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occasionally without marked effect Streptomycin, on the other hand, was 
found to be effective m part, at least, against all common intestinal pathogens 
They noted that when given by mouth in a dosage of 0 25 Gm every six 
hours the feces are free of streptococcus fecahs in eight days, and there 
results a marked reduction m the coloform group and anaerobic organisms 
of the W elchii type They ai e now studying the effect of 5 0 Gm daily to 
determine whether bacterial control is achieved in a shorter period of time 

It is apparently not generally known, as Poth,®^ et al, have demonstrated, 
that sulfathahdine and penicillin are antagonists Sulfasuxidine must be 
used if penicillin is to be administered simultaneously Yet, five with whom 
we corresponded said they admimsteied postoperatively both sulfathahdine 
and penicillin 

DO YOU ROUTINELY PRACTICE ANTERIOR RESECTION OF THE RECTOSIGMOID 
WITH IMMEDIATE RESTORATION OF CONTINUITY^ OR ONLY IN HIGHLY SELECTED 

CASES ? 

Only nine, or 18 pei cent, of the 50 suigeons m this survey indicated 
that they regularly undertake this procedure for operable growths (Table V) 
Seven of these are m the larger group Twelve, or 24 per cent of the total 
signified that they never perform this operation, whereas 14 of the remaining 
29 especially commented that they considei it justifiable only as a palliative 
measure when liver metastasis existed Of the remaining 15 who indicated 
use of this method in highly selected cases, half further qualified their 
answer by appending such terms as, “rarely ever,” “very seldom,” or “rare,” 
underscored As evidence of a trend away from anteiior resection are 
statements volunteered by eight to the effect that formerly they favored 
this measure as the operation of choice in all cases, but now use it only as an 
expedient or not at all White and several others in this group give credit 
for their decision to the recent (1947) report of Gilchrist and David^* on their 
pathologic studies of lymphatic spread m cancer of the rectum The objec- 
tion to anterior resection most frequently expressed is the high incidence 
of local recurrence Others w^ere influenced by a high morbidity resulting 
from leakage at the suture line, with subsequent pelvic infection, fistula forma- 
tion or occurrence of stricture at tne site of anastomosis 

The principal advocates of anterior resection of the rectosigmoid are 
Dixon,-^ Wangensteen,® and Mahorner®® Their thesis is simply this (1) 
carcinoma of the rectosigmoid does not ordinarily metastasize downward, 
(2) contrary to longstanding belief, the superior heniorihoidal vessels may be 
sacrificed wnthout impaiiment of the ciiculation of the divided ends of sigmoid 
and rectum, and, (3) avoidance of colostomy is a pre-eminently humani- 
tarian consideration E\ en were it assumed that there is a greater chance 
of recurrence with this type of operation, Mahorner®® feels that “it may be 
justified on the grounds that many patients who are saved with colostomies 
are broken in spirit and morale to such an extent that in reality they would 
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Table V — Anterior Resection of Rectosigmoid 


Routine Employment 

Group I 

r (17 5%) 

Group II 

2 (20 0%) 

Both 

9 (18 0% ol 50) 

Rare Employment 

Group I 

25 (62 5%) 

Group II 

4 (40 0%) 

Both 

29 (58 0% of 50)* 

No Employment 

Group I 

8 (20 0%) 

Group II 

4 (40 0%) 

Both 

12 (24 0% of 60) 


*Use limited to inoperable cases by 14 


be more fortunate to have been lost at the time of their operation Foity 
people saved with a sphincter may be worth 50 people saved with permanent 
colostomy ” 

To date, the number of cases unclei taken by this method has been too 
small m any one series, and the length of time which has elapsed since they 
were undertaken has been too short, to peimit its proper evaluation Waugh, 
Wangensteen,® and Mahornei®^ have extended the scope of anterior resec- 
tion to include ampullaiy lesions, which will be discussed subsequently 
DO YOU CONSIDER THE COMBINED ABDOMINOPERINEAL RESECTION IHE OPERA- 
TION OF CHOICE FOR CANCER OF THE RECTUM AND RECTOSIGMOID? OR FOR 
THE RECTUM ONLY? OR DO YOU CONSIDER THE OPERATION OF CHOICE TO 
BE THAT ADVOCATED BY BACON IN WHICH COLOSTOMY IS ELIMINATED? 

Forty-one, or 82 per cent, indicated the Miles opeiation as the proceduie 
of choice both for lesions of the rectum and the lectosiginoid The remaining 
nine qualified their answers with supplemental statements Two of these 
employ the Miles operation for all rectal lesions, reserving antenoi resection 
or those of the rectosigmoid Seven routinely perform anteiior lesection 
not only for lesions of the rectosigmoid, but also for lesions at varying levels 
o tie rectum as follows three for all lesions moie than 10 cm above the 
pectinate line (one employs a pull-tbiough operation for small, early growths) , 
wo or all lesions moie than 5 cm above this line, one for selected, small 
grow IS more than 6 cm above the anus, and, one foi all lesions at least 3 cm 
above the ano-rectal line (Table VI) All employ the Miles operation when 
hart ^ Situated below the levels which have been indicated Nine who 
exnreLTr^ TT occasional operation of the Bacon type 

m " disinclination to employ 

of choice. indicated proctosigmoidectomy as the procedure 

answers to these questions with the observa- 

<^ver 100 patiems i ^ P«5i-through operation of Babcock and Bacon in 
pa ents whose lesions were between 5 and 10 cm from the pectinate 
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Table VI — Choice of Procedure tn Cancer of the Rectum and Rectosigmoid 


Miles Operation 



Group I 

33 (82 5%) 


Group II 

8 (80 0%) 


Both 

41* (82 0% of 60) 


Anterior Resection 



Group I 

6 (15 0%) 


Group II 

1 (10 0%) 


Both 

7* (14 0% of 50) 


Proctosigmoidectomy (Bacon) 

0 


*Two othors employ Miles operation for all but rectosigmoidal lesions 
*For lesions 10 cm above anus (3), '5 cm above (2), 

6 cm above (1), 3 cm above (1) 


line With a mortality of less than 1 per cent Although he believes that if 
used advisably, this procedure is as cuiative as the Miles operation, he 
nevertheless found anal function to be not as good as it is following anterior 
resection and for this reason has extended downward the scope of the end- 
to-end anastomosis to include growths 5 cm above the anus For lesions 
below this level Waugh prefers the Miles operation Wangensteen®’’^ in 
his additional remarks said that he reserved the abdominoperineal procedure 
for large, fixed ampullary growths and foi all growths lying within 6 cm 
of the anus He further commented that the Babcock-Bacon type of opera- 
tion, which he had performed on a number of occasions m recent years 
“fails to preserve the internal sphincter and in consequence fails to preserve 
continence ” Also recently, in remarking on Babcock and Bacon’s assertion 
that sphincterless perineal colostomy is to be prefeired to abdominal colos- 
tomy, he said “Whereas for sentimental reasons, the perineum may appeal 
to be a more desirable location for an artificial anus, it would seem better to 
have such an opening where it may come more directly under the watchful 
eye of its owner ” 

Daniel,®® who indicated that he considers the Miles operation the method 
of choice for all rectal lesions, provided unpublished statistics of his recent 
personal experiences with 20 anterior resections of the rectal ampulla in 
which primary anastomosis was done, 24 resections of the Babcock-Bacon 
type, and 34 abdominoperineal resections, all perfoimed between December 
1, 1945 and February 1, 1947 The incidences of secondary metastasis, or 
re-appearance at the operative site, were (1) for anteiior resection, 15 per 
cent, (2) for the Babcock-Bacon procedure, 30 38 per cent, and, (3) for the 
Miles operation, 1 wound metastasis, or 3 4 per cent Tn a previous study®® 
there were 22 wound mestases in 257 cases of abdominoperineal resection 
and colostomy and perineal resection, or an incidence of 7 7 per cent Recur- 
rences in the anterioi resection were all in the bowel itself Ot the seven 
secondary metastases in the pull-through operations in three instances peri- 
rectal nodes and fat were involved and in four theie was no discernable 
involvement outside the bowel wall 
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Of those who utilize anterioi resection or the pull-through opeiation for 
rectal giowths, only a tew, notably Babcock, Bacon, and Gailock, include 
lesions situated as low as 3 cm fiom the ano-rectal line Wangensteen^ is 
convinced, despite the failuie of Collei and his associates to find evidence of 
lateial lymphatic spiead m lesions lying more than 3 cm above the anus, 
that m low-Iying lesions, failure to excise the levator muscles m juxtaposi- 
tion to the bowel invites local recuirence ‘T have learned,” he slates, “the 
bitter lesson that it is unwise to attempt to salvage sphincters in such low- 
lying lesions If one does so he coinpi onuses on the cuie 

It IS interesting to observe that the pioponents of the two conflicting 
schools of thought in the treatment of cancer of the rectum both find inspira- 
tion and guidance in the seveial pathologic studies of lymphatic spread in 
rectal cancer The most enthusiastic champions of preservation of the anal 
sphmcteric mechanism, Babcock Bacon,^^ Lynch, ^ Waugh, and Wangen- 
steen,® have all pointed to the common finding of these investigations namely, 
infrequent retrograde or downward spiead of rectal cancer as justification 
for operative methods which eliminate colostomy On the othei hand, the 
staunchest supporters of the principles of Miles include four surgeons — 
Gabriel,^ Coller,® Gilchrist^’ and David — ^who have played important 
roles in demonsti ating the pattern of lymphatic metastasis in cancer of the 
rectum The latter two, as a result of then most recent (1947) study, con- 
cluded that “Lesions which are partially or completely below the peritoneal 
reflection have a high incidence of local and liver recuri ences and pull-through 
or sleeve resections are not much better than a local resection The Miles 
operation seems to give the best chance of cuie heie” Rankin, Jones, 
Lahey, Stone, and many othei s have leferred to these pathologic studies as 
additional proof of the necessity for the radical rather than the conservative 
resection of the rectum Jones found that the relatively high incidence of 
local recurrence in the cases recently reported by Gilchrist and David “proves 
further that radicalism is necessary and that revival of the pull-through opera- 
tions and low anastomosis will be short-lived ” Along these same lines 
Rankin said that “Since Miles’ epic publication there have been innumer- 
able surgeons, goth great and small, who have tried to develop many pro- 
cedures for the preservation of the anal sphincter in the treatment of cancer 
of the rectum In the light of the recent anatomic studies of the lymphatics 
of the perirectal and pelvic tissues carried on b}’- David and Gilchrist and 
again by Coller, et al, there seems little justification for their efforts ” 

SUMMARY AND CONCLUSIONS 

1 A survey by questionnaire was undertaken to determine current trends 
the surgical treatment of cancer of the distal colon and rectum as practiced 
by 50 surgeons with relatively large experience in this field The opinions of 
10 of these whose pre-eminence few would question have been contrasted with 
those of the remainder of the group Identical opinions of approximately 20 
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qualified colleagues of these 50 are not included in this survey The depart- 
ments of surgery of 31 medical schools and seven clinics are represented 

2 There was noted a decided trend away from extraperitoneal, multi- 
stage operations for lesions of the distal colon Sixty-two per cent of the com- 
bined groups estimate employment of pi unary anastomosis in 75 to 100 per 
cent of cases In the smaller group 60 per cent believe they use this method 
in fewer than 25 per cent of instances , the remaining foui estimate a per- 
formance of over 90 per cent 

3 Sixty per cent of the combined groups use a closed method of anasto- 
mosis , in the smallei group there is an even division between this and the 
open technic 

4 Fifteen, or 30 per cent, routinely establish complementary proximal 
drainage by means of appendicostomy, cecostomy, or transverse colostomy 
seven preliminary to resection and anastomosis and tbe i emamder at the time 
of operation Three expressed preference for the Devine type of colostomy 
Seventeen find decompiession by means of an indwelling duodenal tube 
adequate in most instances Five regularly utih7e decompression by the 
Miller- Abbott tube befoie, duiing and aftei resections of lesions in the distal 
colon 

5 Forty-two, or 84 per cent, indicated regular use of chemotherapeutic 
agents The small minority is equally divided between the two groups, con- 
stituting 10 per cent of the larger group and 40 per cent of the smaller one 
Twenty-seven limited the use of sulfonamides to the preoperative adminis- 
tration of sulfasuxidine or sulfathaladme Fifteen or 36 per cent, of the 42 
who regularly utilized chemotherapy also instill either sulfanilamide or 
sulfathiazole into the peritoneal cavity at the time of the operation All but 
one of these are of the larger group Five regularly administer oial strepto- 
mycin preoperatively Twenty-two use penicillin postopei atively 

6 Only nine, or 18 per cent, regularly perform anteiior resection of the 
rectosigmoid for operable lesions Seven of these are in the larger group 
Twelve, or 24 per cent, never undertake this procedure, whereas 14 of the 
remaining 29 consider it justifiable only as a palliative measure when liver 
metastasis exists Of the residual 15 who indicated use of the method in 
highly selected cases, half further emphasized infrequency of employment by 
appending such terms as, “rarely ever” or “very seldom ” Eight commented 
on their former routine use of anterioi resection which they no longer con- 
sider a proper procedure 

7 Forty-one, or 82 pei cent, indicate the Miles operation as the pro- 
cedure of choice both for lesions of the rectum and rectosigmoid Two of the 
remaining surgeons elect the Miles operation foi all lesions except those 
involving the rectosigmoid, for which they prefer anterioi lesection Seven 
regularly practice anterior resection for all rectosigmoidal growths and for 
rectal growths located as follows three for lesions which are at least 10 cm 
above the ano-rectal line (one occasionally uses a pull-thiough operation for 
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small, early giowths) , two for those 6 cm above this line, and one each foi 
lesions situated respectively 5 and 3 cm above the anus Nine who had in 
recent yeais performed operations of the Babcock-Bacon type expressed 
dissatisfaction with the piocedme and a disinclination to employ it in the 
future No one indicated proctosigmoidectomy as the opeiation of choice 
8 From the foregoing expiessions of opinion by those in this country who 
probably undertake most of the surgeiy of the laige bowel foi cancer, it would 
seem that one may piopeily conclude that theie no longer exists cause for 
the concern felt by many of us, and expressed before this Association last yeai 
by Allen, over wdiat appealed to be a widespiead revival of interest in 
operations upon the lectum that include pieseivation of the anal sphincter 
It would now^ appear that a tiansient trend m that direction has, as Jones 
recently predicted, the piobability of being shoit-lived One trend, howevei, 
will in all likelihood end in univeisal acceptance m suitable cases Refeience 
IS made to the steadily gi owing tendency to perfoini single-stage rathei than 
multi-stage operations foi lesions m eveiy segment of the large intestine 
This IS accomplished for the tiansveise, descending and sigmoid portions 
of the colon by immediate anastomosis after lesection and for the recto- 
sigmoid and rectum b)^ a one-stage combined abdominoperineal resection 
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FAMILIAL POLYPOSIS AND CAKCINOMA OF THE COLON” 

William L Estes, Jb 

Bethlehem, Pa 


Polyps or polyposis of the large intestine and their relationship to the 
etiology of cancer have for many years been the subject of study by those 
interested in colon surgery Most observers have accepted Erdmann and 
Morris’“ division of polyps of the colon into two distinct groups. 

1 Single or multiple polyps developing largely in adults as simple neo- 
plasms of the mucosa (Adenomata), or secondary to or m association 
with acute or chronic mflammator}'’ disease such as ulcerative colitis 

2 Diffuse multiple polyposis (polyposis mtestmi) found in childhood, 
adolescence or early adult life, where often the entire colon and rectum 
will be diffusel}’’ involved, with marked hereditary and familial back- 
ground as a basis for its occurrence and a great likelihood for carci- 
noma developing at an early stage 

While diffuse familial polyposis has been regarded as relatively rare in 
occurrence, Scarborough^® was able to collect 301 cases reported in the litera- 
ture up to 1937, and McLaughlin^” 331 up to 1943 Since then 24 more cases 
have been placed on record (McLaughlin,^’ Pugh and Nesselrod,®^ Hick- 
man,®^, Pfeiffer and Patterson,®® Racket, Busson, Galmiche and Rosey,®® 
Laveuf, Laurence and Poneche,®° and Guptill®^) 

In 1930 Dukes^® was able to collect 14 reports m which one or more families 
with hereditary multiple polyposis had been recorded and since then 22 more 
have been added to the record GuptilP reviewed 58 cases treated by surgery 
up to 1947 The number of these reports indicates that familial colon polyposis 
while formerly consideied rare actually cannot be too uncommon 

A recent extraordinary experience with a family in wdiich a very high 
incidence of diffuse polyposis of the colon and subsequent cancer was found, 
IS the basis of this report 


Case 1— Male— 25 years of age, single, was my first contact with this family In 
November, 1942, three months before examination, while in U S Army service, he 
began to have pain in rectum after defecation and bloody, frequent stools He was 
unrelieved by medical measures and was discharged from the army and returned home 
for surgical treatment His family history was negative except that his mother had died 
of carcinoma of the sigmoid at 41 years There had been no loss of weight His physical 
examination was essentially negative except for the rectum Rectal examination revealed 
an ulcerating mass 3 cm in diameter on the anterior wall just within the anal sphincter 
Proctoscopic examination, besides the ulcerating mass, showed numerous bleeding polyps 
of the rectum and sigmoid Aderocarcmoma Grade II was reported from the biopsy 
taken from the ulcer 


On November 11, 1942 abdomino-perineal resection of rectum and sigmoid was 
one 37 cm of gut removed The entire rectum and sigmoid were densely studded with 
Po jqis 1 to 6 mm m diameter The ulcerating mass on the anterior lectal wall close to 

*Read before the Southern Surg.cal Association at Hollywood Beach, Florida 
ihursday, December 11, 1947 
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the sphincter was polypoid — measured 4 cm in diameter Microscopic examination showed 
Adenocarcinoma Grade II (Fig 1) The regional lymph nodes were found negative for 
evidence of malignancy 

He made an uneventful recovery except for a perineal abscess that required draining 
9 mos and again 14 mos after operation Subsequent roentgenogram of remaining colon 
showed diffuse polyposis of transverse and descending colons but he rapidly gained 35 
pounds in weight, was married and refused all further surgery (Fig 2) 

Fwe-yeai follozv-itp evaimmtion The end colostomy is functioning well He has 
occasional mild bloody diarrhea, but normally two stools a day Perineal wound well 
healed No evidence of local recurrence Definitely overweight — 205 pounds He will 
eventually require total colectomy and permanent ileostomy No evidence of abdominal 
mass or intestinal obstruction to date 

Case 2 — Fifteen months after treating Case No 1, his brother, 29 years of age, 
appeared for treatment He was married and had two children 5 and 3 years of age 
One year before he had been hospitalized for three months for treatment of a compound 



Fig 1 — Case 1 Adenocarcinoma of rectum superimposed on multiple polyposis 

fracture of the tibia He recovered function of his leg slowly For six months he had 
had occasional diarrhea, anorexia, easy fatigue, and had lost 45 pounds m weight Eight 
jears before he had been treated elsewhere for multiple rectal and sigmoidal polyps, 
with removal of one large benign rectal polyp On physical examination he showed 
marked emaciation, a large nodular liver and a mass m the upper left abdomen indis- 
tinctly outlined Rectal examination was negative 

Exploratory laparotomy February 7, 1944 revealed a huge carcinoma of the 
sigmoid, mvohmg 10 to 12 cm, but no apparent obstruction to the lumen of the gut, 
manj enlarged retro-peritoneal glands, massive metastases to the liver The huge right 
lobe of the liver formed the mass m the upper left abdomen A nodule removed for 
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biopsy showed Adenocarcinome Grade II He recovered uneventfully from the explora- 
tion but died at home on April 28, 1944 No autopsy was obtained 

Since two members of this family had developed caicmoma superimposed 
upon multiple polyposis of the lectum and sigmoid and since the mother had 
died of cancel of the sigmoid, and a sistei had died elsewhere apparently from 
advanced carcinoma of the sigmoid, a thorough investigation and complete 
health record of the remaining members of the family, with details of the 



Fig 2 — Case 1 Multiple polyposis of transverse and descending colons 


final illnesses of the mothei and daughter who had died, seemed definitely 
indicated 

This was a family of Italian extraction, consisting of a man and his wife 
and seven children, one of whom died in infancy The histones of the second 
and fourth children have been recorded above The health record of the remain- 
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mg members of the family are as follows 

Father No family history of cancer 

Details of health of relatives unknown — living in Italy 

For years he had been overweight Had had a thyroidectomy for toxic adenoma 
Hypertension 

(Died later at 68 years of age of cerebral hemorrhage ) 

Mother Family History — Father died at 40 years, cause unknown Carcinoma? 
Mother, three brothers and one sister living and well 
One brother died m infancy 

At 37 years of age (1928) developed an acute intestinal obstruction Following 
an emergency colostomy for its relief, an anterior resection of the sigmoid was 
done for a constricting adenocarcinoma The restricted specimen showed a benign 



Fig 3 — Case 6 Multiple polyposis of ascending, transverse and 
descending colons 

polyp proximal to the growth and at operation polyps were palpated in the descending 
colon Died at 41 years, 3)4 years after operation, from general peritoneal carci- 
nomastosis — proven at autopsy (Information obtained through the courtesy of Dr 
D K Santee, Bethlehem) 

Children Child 3 Female — ^24 years — single 

Following a six-months’ history of intermittent abdominal pain — occasional diar- 
rhea, fatigue, anorexia and loss of weight, exploratory laparotomy revealed an ad- 
vanced carcinoma of the sigmoid with polyps m the sigmoid and descending colon 
and mtraperitoneal metastases She died three months later (1941) No autopsy 
(Information obtained through the kindness of Dr Leonardo, Rochester, New York) 
The three remaining children were contacted and agreed to examination 
Child I Female — 35 years (1944 ) — 2 children, 6 and 1 yr 
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Free of all symptoms referable to disturbed bowel function Normal bowel habit 

Routine Examination levealed 

1 Rectum and pelvis negative to palpation, 

2 Proctoscopic examination — Negative for polyps or neoplasm up to niid- 
sigmoid 

3 Barium double contrast enema revealed diffuse polyposis of transverse and 
descending colons 

Colectomy advised, but operation refused because of lack of symptoms and family 
economic demands 

Child I Three-year follow up— She is still without symptoms 

Check roentgenogram shows polyposis of sigmoid and descending colon One 
polyp in sigmoid destroyed by fulguration No evidence of malignancy (Dr Leon- 
ardo) 



Fig 4 — Case 6 Entire colon resected — studded with polyps — 
one very large polyp m transverse colon 


Child V Male — 29 years (1947) — unmarried 

Absolutely symptom free Normal bowel movements 
Defecation three to four a day 
Routine Examination revealed 

1 Rectum examination showed one palpable polyp on the anterior wall 

2 Proctoscopic examination revealed numerous discrete sessile polyps, approx- 
imately 4 to 8 mm in diameter, as far up as the middle of the sigmoid 

3 Barium double contrast enema — refused for the present 

Cases — Child VI Female — ^23 years (1944) Unmarried Symptom free In good 
health Proctoscopic examination revealed multiple polyps of rectum and sigmoid, 
discrete and not confluent 

Double contrast enema by roentgen showed multiple polyposis of ascending trans- 
verse and descending colons (Fig 3) 

As the polyps in the rectum and sigmoid, though numerous, were discrete, local 
destruction by fulguration was advised to be followed by ileosigmoidostomy and 
total colectomy Accordingly after the rectal and sigmoidal polyps were destroyed 
and the rectum and sigmoid had remained free of all evidence of recurrence for 
SIX weeks, on July 14, 1944 ileosigmoidostomy was done with further local removal 
of polyps in sigmoid at site of anastomosis Many polyps in transverse and descend- 
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mg colon could be palpated Following uneventful recovery from the above procedure 
on November 3, 1944 — the ileum distal to the ileosigmoidostomy, the entire colon — 
cecum, ascending, transverse, descending colon and upper sigmoid were resected 
The colon removed measured 65 cm in length The mucosa everywhere was studded 
with polyps — over 100 were counted The largest was in the transverse colon — 3 cm 
m diameter and 2}4 cm long (Fig 4) Though this large polyp was definitely 
a pre-cancerous lesion, no evidence of malignancy could be detected 
Microscopic diagnosis — benign polyposis 

Three-year follow up — She is in good health, has occasional abdominal pain — 
has required further fulguration for rectal and sigmoidal polyps She now has IS — 
20 polyps, all discrete, in rectum and rectosigmoid Visualization to mid-sigmoid 
anastomosis is easy Further destruction by fulguration advised and re-exammation 
in SIX months 

The children of the third generation are all at present symptom free and seem too 
young for satisfactory complete diagnostic survey It has been recommended that if 
bowel symptoms or melena develop, immediate examination will be imperative and as 
they attain 12 or 13 years of age (puberty) a complete study should be made 

While diffuse polyposis has been found at an early age, 2 years or even at birth 
(McKenney),^® Kennedy-® believes it is rare in children 

The history of this family may be summarized by the following diagram (Fig S) 
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REPEAT FULGURA- 
TIOH OF RECTUM 
& SIGMOID 


Fig S — History of family summarized 


COMMENT 

A woman, whose father probably died of carcinoma and who, at 37 years 
of age, had a carcinoma of the sigmoid with polyposis of sigmoid and 
descending colon, had seven children One died in infancy Of the lemamtng 
SIX all have eithe) died of caicmoma of the sigmoid with pievioiis polyposis 
of the lectiim and colon, oi have been shown to have multiple polyposis of 
the colon and lectum zvitli oi without caicmoma 

This extraordinary family history illustrates again the remarkable heredi- 
tary tendency of multiple diffuse colon polyposis to be transmitted to succeed- 
ing generations and the high incidence of cancer associated therewith, and 
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furtliermoie, demonstrates that both males and females may transmit and 
acquire the disease 

Likewise, the fact that in three of the family who weie completely symptom 
free, thoiough investigation revealed well established colon polyposis, indi- 
cates the fallacy of reliance upon histoiy oi symptoms alone as indicative of 
the piesence or absence of disease Individuals of these susceptible families 
can be considered fiee of the disease only after complete diagnostic survey 
fails to reveal any vestige of polyposis or cancer 

A single negative suivey, even in an adult, is not sufficient indication that 
the individual will remain fiee of the disease Lockhart-Mummery^® cites 
the case of a man who at 39 years had a completely negative survey and who 
four years later was found to have advanced diffuse polyposis Members of 
a polyposis family who are found by complete investigation to be apparently 
free of the disease, should have loutine re-surveys every six months, or more 
often if bowel symptoms supeivene, if they are to be adequately piotected 
against the insidious, unheralded advent of multiple polyposis or a colon or 
rectal cancer. 


DISCUSSION 

While Scarborough refers to MenzeF as reporting the first case of diffuse 
polyposis in 1721, in modem literature Luschka,^ as well as Lebert® gave 
accurate descriptions of the disease m 1861, followed by Virchow^ in 1863, 
who detailed the first thorough pathological background of this lesion A fui- 
ther report by Richeff in 1878 was followed by Cripps’"^® classical description 
of two cases in 1882 indicating the familial hei editary tendency of multiple 
polyposis Smith’s® cases in one family were recorded in 1887 Finally in 
1890 Handford® called attention to the fact that cancer was frequently implanted 
upon famihah diffuse polyposis Cuthbert Dukes^® was able to collect 14 reports 
m which families with hereditary tendency, to multiple polyposis had been 
recorded By 1947 at least 36 instances of families with hereditary tendency to 
multiple polyposis had been reported 

Most observers agree that while multiple polyposis, oi polyposis mtestmi 
as It is designated in continental literature, is not itself congenital , nevertheless, 
a predisposition to tumor formation in the colon and rectum is inherited It 
must be likewise understood that any suspicious case in a suspected family 
even if found free of polyps is not necessarily free of the hereditary blemish. 
It IS generally held the defect is inherited as a Mendehan Dominant, “A gene 
mutation” — an inherited instability of the epithelial cells of the large bowel 
which renders their nuclei peculiarly liable to undergo mutation for excessive 
rate of growth, le “Mitotic Division is more frequent” (Luckhart- Mum- 
mery and Dukes) It is transmitted by either sex and occurs in both male 
and female descendants 

However, Fnedell and Wakefield"® state that one-half of the cases of 
diffuse polyposis seen at the Mayo Clinic do not have an hereditary factor 

1041 


WILLIAM L ESTES, JR 


Annals of Surgers 
U a y 1 9 4 S 


and deny that multiple polyposis follows any genetic pattern They believe it 
IS neither a mendehan dominant nor a lecessive 

True familial polyposis or polyposis intestini may be consideied a distinct 
entity with two charactei istic features 

1 It tends to develop in succeeding generations of the same family — 
familial piedisposition 

2 It is a pre-canceious lesion Cancer fiequentl}^ will eventually develop 
upon it Membeis of families with multiple polyposis tend to die of 
cancel of the colon oi i ectum oi its metastases Incidence of carcinoma 
in multiple polyposis is variously given statistically as 34 6% (Hul- 
sieck^^), Wechselman 50% to 60% (Dukes^^), Baigen and Coffey 
82 8%^® Howevei, untreated cases aie all likely to develop cancer 
The potential incidence of cancer following multiple polyposis should 
be considei ed 100% 

Age Doehring^® analyzed the age of 40 cases as 

Years Number of Cases 

1-10 2 

10-20 10 

20-30 10 

30-40 ^ 13 

40-50 ‘ 2 

50-60 2 

60-70 , 1 


In Lockhart, Mummeiy and Dukes’®® families, the aveiage age at which 
multiple polyposis was discovei ed was 22 years , youngest, 8 years , oldest, 43 
The average age at which multiple polyposis was estimated to begin to develop 
was 20 years and malignant changes 15 years later (35 yeais) Untreated 
cases of multiple polyposis die of cancel in then eaily 40’s 


SYMPTOMS 

Multiple polyposis of colon and rectum may be symptomless for years 
Bloody diarrhea with occasional abdominal ciamps, anorexia, and loss of 
weight have been commonly associated with an active oi advanced lesion 
In families in whom one or more ha\e been known to have multiple colon 
polyposis, those without symptoms should never be consideied free of the 
disease unless repeated diagnostic survey is negative 


DIAGNOSIS 

The diagnosis can be made by three procedures 

1 Digital examination of rectum (rectal polyps) 

2 Proctoscopic and sigmoidoscopic examination 

3 Roentgen-ray examination of colon by double contrast enemata A 
simple contrast enema with barium is usually ineffective in demon- 
strating polyps Colon dilatation with air following a barium enema 



familial polyposis and carcinoma of the colon 

gives a double contiast medium that outlines most of the polyps veiy 
satisfactoiily 


TREATMENT 

The ti eatment of choice is total colectomy, the complete elimination of the 
colon and lectum as a possible oiigin of futuie cancer, usually in three stages 

1 Piehminaiy ileostomy 

2 Resection of entiie colon and sigmoid 

3 Posteiioi lesection of lemaming lectum and lectosigmoid 

Howevei, Rankin,^®, Jones, Lockhait-Mummei and C W Mayo^** 

have all advocated a compi omise pi ocedui e to pi esei ve the i ectum and i ectal 
sphinctei in those cases m which the polyps in the i ectum and lowei sigmoid 
may be destioyed by fulguiation thiotigh the sigmoidoscope, i e , 

1 Fulguiation of i ectum and sigmoid 

2 Ileosigmoidostomy 

3 Resection of lowei ileum and entiie colon down to lowei third of the 
sigmoid Hemi-colectomy may be done at the same time as the ileo- 
sigmoidectomy (C W Mayo) 

GuptilP^ recently has lecommended an end to end anastomosis of the 
ileum to the i ectum, leaving a stump of i ectum 8 cm oi less, which can be 
easily reached by the pioctoscope foi fulguiation if i ectal polyps lecui 
GuptilP'^ bases this lecommendation upon the need in two cases for lesection 
of the lemaimng sigmoid stump for lecuiient polyps — following typical ileo- 
sigmoidostomy Pfeiffei and PatteisoiP® likewise piefer an ileorectosig- 
moidostomy m order that the junction of the ileum with the sigmoid be suffi- 
ciently low 

A low union of ileum with rectum or rectosigmoid would seem highly 
desirable in view of the frequency with which fui ther polypoid formation after 
simple fulguiation is met Certainly, if any suspicion of carcinomatous 
change m i ectal polyposis is aroused, any idea of conseivation of the rectum 
should be abandoned and total colectomy including the i ectum should be done 

From time to time, ladiation of colon polyposis has been suggested and 
attempted m a conseivative appioach to the solution of the polyposis pioblem 
but at best it has been found to be meiely palliative (Dukes, Vanzant,^®, 
McKenney McKenney^'"’ has leported continuing piogiess of tumor growth 
under even heavy ladiation and as GuptilP well says, “Ti eatment by roent- 
gen-iay would seem illogical because the well diffei entiated cells of the ade- 
nomas should be radiation lesistant ” 

CONCLUSIONS 

1 A family is reported in which the mother and all six adult children 
had either multiple polyposis of the colon or carcinoma of the sigmoid or 
rectum oi both 

2 The mother at 41 yeais, one son at 29 years, and one daughter at 24 
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years, died of carcinoma of the sigmoid associated with polyposis of rectum 
and colon 

3 One son at 25 years had an abdommo-permeal resection for cancer of 
the rectum with multiple polj'posis of rectum and sigmoid He is now living 
and well five years after operation — with polypoid tiansverse and descend- 
ing colons 

4 Two daughters and one son who were symptom fiee were found to have 
multiple colon polyposis, one of whom subsequently had a total colectom)' 
with ileosigmoidostomy and fulguration of rectal and sigmoid polyps 

5 Multiple diffuse colon polyposis is a distinct entity characterized by 

1 Tendency to develop m succeeding geneiations of same family with 
high incidence of occurrence — familial predisposition It occurs m 
both males and females and may be transmitted by both 

2 Carcinoma frequently oi eventually will develop upon it at a rela- 
tively early age 

6 It IS often symptomless but may be diagnosed by 

1 Rectal examination 

2 Sigmoidoscopic examination 

3 Double contrast (banum-air) enema, roentgen-iay investigation 

7 All members of a family m whom diffuse colon polyposis is found, 
should be investigated thoroughly for evidence of the disease 

8 Treatment of choice is total colectomy with oi without resection of 
rectum In cases in which polyps of rectum and rectosigmoid may be destroyed 

by fulguration, the rectum may be saved and total colectomy with ileosigmoid- 
ostomy will suffice If the rectum and rectosigmoid is saved, proctoscopic 
re-examination should be done at least every six months as recurrence or 
further development of rectal polvps can be anticipated Prompt fulguration 
of all new polyps is imperative if development of cancer in the remaining 
rectum is to be prevented If cancel in remaining rectum does develop, 
abdommo-permeal resection with permanent ileostomy will be required 
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LOW ANTERIOR SEGMENTAL RESECTION 
WITH OR WITHOUT COLOSTOMY^ 

Chables W Mayo, M D , 

Division of Surgenj, Mayo Chmc, 

AND 

Robert S Smith, M D , 

Fellow tn Surgery, Mayo Foundation, 

Rochester, Minn 

A MORE descriptive but longer title for this papei than the one we have 
used would be “A comparative study of low anterior segmental lesection of 
the colon and upper portion of the lectum foi malignant lesions with primary 
anastomosis between the sigmoid and rectum, with oi without concomitant 
colostomy ” 

This subject is controvei sial and the controveisy is concerned piincipally 
with two points (1) whether anteiior segmental resection and primary anas- 
tomosis with 01 without previous or concomitant colostomy should he per- 
formed for malignant lesions in the upper part of the rectum, rectosigmoid 
and lower part of the sigmoid, and (2) whethei any method shoit of com- 
bined abdominoperineal resection or what other surgeons consider an equiva- 
lent of that operation is adequate 

At one time one of us (Mayo) would have agieed whole-heartedly with 
those who are of the opinion that the best operation m all instances of malig- 
nant lesions of the lower portion of the sigmoid, the lectosigmoid and upper por- 
tion of the rectum is a one-stage combined abdominoperineal i esection It now 
becomes expedient to qualify pievious expiessions of opinion since it appears 
that m many cases a i adical procedui e can be perfoi med and primary anasto- 
mosis accomplished with low immediate risk and also with a shorter period 
of morbidity, compared with that for the combined abdominoperineal resection 
Furthermore it seems likely, that in those instances the end result of such a 
procedure may prove to be as satisfactory as that of the combined abdomino- 
perineal resection 

In 1946, 266 cases in which nonpalliative, one-stage combined abdommo- 
peimeal resection had been pei formed thiee or more years previously on the 
service of one of us (Mayo), were reviewed and follow-up data weie obtained 
This study disclosed an over-all hospital mortality rate of 6 1 per cent , lym- 
phatic involvement in 50 per cent of cases , a three-year survival rate of 86 3 
per cent and a five-year survival late of 72 5 per cent in cases in which 
nodes were not involved , and a three-year survival rate of 57 2 pei cent and 
a five-) ear survival rate of 38 per cent in cases in which nodes were involved 
In other words, of those patients considered at the time of operation to have 

*Read at the meeting of the Southern Surgical Association, Hollywood Beach, 
Florida, December 11, 1947 


1046 




\ olumc 1 ~~ 
Number o 


LOW ANTERIOR SEGMENTAL RESECTION 


a chance for cuie, 72 per cent weie alive three years and 56 per cent five }ears 
after operation 

On the basis of vhat is known about the infiequency of retrograde spread 
of carcinoma of the i ectosigmoid and iippei poition of the rectum and on 
the basis of technic emplo}ed foi the abdominal lesection of the mesentery, 
ligation of the mfeiioi mesenteiic vessels oi supeiioi hemorrhoidal aitery, 
as veil as for the peimeal poition of the combined opeiation, an anterior 
segmental lesection of the intestine seems feasible It even can be einplo 3 ''ed 
in the majority of cases m vhich lymphatic involvement exists If it is prop- 
erly perfoimed, and if adequate resection is possible, it is compaiable in radi- 
calness to the combined abdommopeimeal resection 



Ta.ble I — 

-Situation of Lesion 



Anterior segmental resection 



With 

Without 


Situntion above anus 

colostomy 

colostomy 


5 to 10 cm 

32 

29 


11 to 15 cm 

68 

71 


Table II — Antenor Segmental Resechon 




No 



Lymphatic 

lymphatic 



in\ olvement 

invoh ement 


With colostomy 

50* 

50* 


Without colostomy 

43 

57 


Total 

93 

107 


*Same proportion as that found in a re\iew made by one of us (Mayo) 
of cases in which combined abdominal-phineal resection was performed 


The terms, “propeily performed” resection and “adequate” resection, 
mean a resection earned out as high on the sigmoid colon as it would be 
carried out in a “properly performed” combined abdominoperineal resection 
It also IS of vital importance that an anastomosis an 3 where m the gastro-intes- 
tinal tract should not be under tension Theiefore, if, because of a short 
mesosigmoid or a short sigmoid loop, the bowel cannot be resected at a satis- 
factor 3 distance above the growth, a combined abdominoperineal resection 
IS then the operation of choice 

Other contraindications to an anteiior segmental lesection are fixed 
growths, perforation and an undue amount of inflammator 3 '’ reaction about 
the lesion , growths that are less than 6 cm above the dentate margin of the 
anus in most instances, and those that are 6 cm above the dentate margin 
m many instances For giovths situated less than 6 cm from the dentate 
margin, it is our opinion that the optimal results v ill be obtained m the major- 
ity of cases bj^ a combined abdommopeimeal resection m one stage 
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A considerable amount of caieful work has been done on letrograde spread 
of carcinoma of the rectum and rectosigmoid by many men, including Dukes , 
Coller, Kay and MacIntyre, Gilchrist and David, and Glover and Waugh 
The various studies indicate the relative safety with which anterioi segmental 
lesection can be pei formed from the standpoint of malignant spread, at least 
ill the upper thud of the rectum and m the rectosigmoid, piovided the dissec- 
tion and resection are carried out at points at least 2 to 2 5 cm below and 
above the growth, as is done when combined abdominopei meal resection is 
performed In only 1 per cent of the cases of far-advanced carcinoma does 
letrograde spread exist to an)’' degree 

Metastasis to the livei, within limits which must be left to surgical judg- 
ment, is not per se a contraindication to low anterior segmental resection 
Many palliative resections of this type have been performed but operations 
for this purpose do not come within the scope of this paper 


Table III — Anterior Segmental Resection loith Colostomy 


Type 

1 

Grade 

2 

3 

4 

Total cases 

A 

2 

2 

0 

0 

4 

B 

25 

16 

5 

0 

46 

C 

10 

37 

3 

0 

60 

Total 

37 

65 

8 

0 

100 


Table IV — Anterior Segmental Resection without Colostomy 


Type Grade Total cases 



1 

2 

8 

4 


A 

7 

0 

0 

0 

7 

B 

27 

18 

4 

1 

60 

C 

6 

33 

2 

2 

43 

Total 

40 

51 

6 

3 

100 



MATERIAL STUDIED 



In order to be as 

fair as 

possible m 

this study, two 

series of 100 consecu- 

tive cases each were 

studied 

In each 

case the 

carcinoma was situated from 


5 to 15 cm above the anus, as determined by proctoscopic examination In one 
series, the anterior segmental resection and primary anastomosis was accom- 
panied by a colostomy (usually in the transverse colon), and in the other 
series the same operation was performed without colostomy 

In so far as could be determined, m each series the resection of the intes- 
tine above the growth was as extensive as that accomplished by the usual type 
of combined abdominoperineal operation with ligation of the inferior mesen- 
teric vessel and removal of that portion of the intestine containing the superior 
hemorrhoidal vessels Also an effort was made to resect the bowel at a 
point at least 2 cm below the growth If this could not be accomplished 
without tension on the anastomosis neither type of operative procedure was 
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considered suitable In other woids, with the exception of an accompanying 
colostomy in one senes, othei considei ations weie coinpaiable m all cases, 
within justifiable limits 

Companson of methods of suigical technic used in dealing with any patho- 
logic lesion in any location is subject to ciiticism It might be mfened that 
in those cases in which colostomy was peifoimed concomitant with anterior 
resection, it was because of the degiee of obstiuction caused by the lesion, but 
this was only laiely the case Usually when colostomy was peifoimed the 
surgeon piefened this suigical method, the consideration usually was that 
of defunctionahzing the lowei segment of the bowel In dealing with this type 
of case, one of the authois (Mayo) has piefened and employed the onc-stage 
segmental lesection without colostomy m all cases in which it has been feasible 
foi the past two years 

Since each series is small and the operations have been perfoimed so 
recently that three-year and five-j^eai suivival rates cannot be detei mined, 
the long-time piognosis will not be considei ed in this paper It is leasonable 
to suppose, however, that in these locations adequate segmental resection and 
combined abdominopenneal resection cany essentially the same piognosis 

AGE AND SEX 

As might be expected, the majonty of patients weie m the fifth, sixth and 
seventh decades The \oungest of the 200 patients was 19 years and the oldest 
was 76 years of age 

There was an even distribution of 101 male and 99 female patients A 
fairly equal division was found in each series 

SITUATION AND TYPE OF OPERATION 

The situation of the lesion and the type of operation pei formed are shown 
m Table I and an analysis of cases from the standpoint of involvement of 
lymph nodes is shown in Table II 

GRADE AND CLASSIFICATION OF GROWTHS 

It Will be noted from tables 3 and 4 that, as usual, the majonty of lesions 
were of grades 1 and 2, according to Bioders' method of grading carcinoma 
Most of the growths of grades 1 and 2 which were also classified as type C, 
according to Dukes’ classification, were of long dm ation In all cases of lesions 
of type C, lymphatic involvement is present 

PREOPERATIVE PREPARATION AND OPERATIVE TECHNIC 

No two surgeons work exactly alike and thus the technic of operations 
0 the same type performed by different surgeons was not exactly the same 
eit ler was a standard type of anesthesia employed m the two series of cases 
ime and space do not allow a detailed description of the variety of technics 
use by the various surgeons who operated on these patients 
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Since the entire operative oi hospital mortality rate, and paiticularly that 
portion of it which might possibly be attributed to error in technic, is small 
in each group, it can be said that regardless of whether or not colostomy is 
performed, if well-known and fundamental principles of surgical anastomosis 
aie kept in mind, deaths will be few The two most important factors to 
consider m this connection are, fiist, an accurate union of the ends of the 
sigmoid and rectum, and, next, certainty that the line of anastomosis is not 
under tension 

A factor that is of utmost importance m pioducmg a favorable operative 
result, uncomplicated by infection, is a clean bowel to work on and, therefore, 
preoperative preparation is essential Sti eptomj'^cin, phthalylsulfathiazole, 
sulfathaladine and succmylsulfathiazole (sulfasuxidme) aie at piesent the 
diugs of choice foi use m pieopeiative piepaiation In most of the cases in our 
two series the last-mentioned diug was used in preoperative pieparation 
According to the plan usually employed, about four to seven days are lequired 
for preparation of the colon for operation , the length of pi eparation depends 
on the individual situation During this period ii ligations aie used in conjunc- 
tion with a total of 1,000 and 1,200 grs (65 to 78 Gm ) of sulfasuxidme 
which is administered orally m divided doses every foui hours 

Another very good reason for making certain that the colon is actually 
well prepared is that an open type of anastomosis is necessary in piactically 
all cases because of the site of the lesion 

MORTALITY 

Nine deaths occurred in the total numbei of 200 cases of low anterior 
segmental resection, with or without colostomy, m which the growths were 
situated from 5 to 15 cm above the anus, a mortality rate of 4 5 per cent 

In the 100 cases in which colostomy was pei formed concomitantly with the 
resection, three deaths occurred, a mortality rate of 3 per cent One death 
occurred suddenly shortly after the patient awakened from the anesthesia at 
the time of closure of the colonic stoma The cause is not known because 
necropsy was not permitted One patient died one week aftei he left the 
hospital, after resection and colostomy had been accomplished but before the 
vent had been closed Death m this case was caused by sepaiation of the 
anastomosis, formation of a hematoma and infection Another patient died 
on the fifth day after the primary operation, from causes unknown Necropsy 
was not permitted 

The mortality rate was 6 per cent in the 100 cases m which lesection and 
primary anastomosis were performed without accompanying colostomy Four 
of the six patients who died succumbed bv the eighth postoperative day, from 
pulmonar}’- embolism, myocardial failure or cardiovascular accident One 
patient died on the eighth postoperative day from separation at the site of the 
anastomosis and resultant peritonitis The other patient died on the thirtieth 
postoperatne day as a result of partial separation at the line of anastomosis 
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Colostomy was peifoimed but death resulted fiom peiilonitis and shock 

MORBIDITY 

In compaimg the two opeiative piocedures, we found that the most sti ik- 
ing diffeience was m moibidity 

Of the 97 patients who suivived low antciioi lesection with accompanying 
colostomy, foui weie out of the hospital within one month, 64 required time 
that extended into the second month, 28 into the thud month, and one, into 
the fouith month An analysis of the total tune lequiied befoie the surgical 
dismissal was gi anted shows that seven patients m this senes were dismissed 
fiom oui caie m the second month, 44 m the third month, 30 m the fouith 
month, five in the fifth month, foui in the sixth month and one patient each 
m the seventh, eighth, tenth and eleventh months aftei opeiation Of the tin ee 
remaining patients, one did not letuiii foi closuie of the stoma and theie was 
no further coi i espondence m the case , m one case the colostomy closed spon- 
taneously seven months aftei the application of clamps to the spin , and m one 
case there was a lecuirence at the site of the lesection, befoie closure of the 
colostomy had been peifoimed and so it was left open of necessity 

Of the 94 patients w ho siu vived the one-stage antei lor segmental resection 
without colostomy, 77 weie dismissed fiom the hospital m one month oi less 
(16 of these within two wrecks and 44 moie wnthin thiee w^eeks) and 17 moie 
were dismissed m less than two months An anal}' sis of the total time lequiied 
before dismissal fiom our caie altogether in this senes of cases shows that 33 
patients, oi a thud of the total, weie dismissed in less than thiee weeks, 28 
more in less than four weeks, 32 moie in the second month and one moie in 
the third month after operation 

RESUME 

Two hundred cases of carcinoma of the lectum, lectosigmoid and lower 
poition of the sigmoid situated from 5 to 15 cm fiom the anus have been 
leviewed 

In 100 consecutive cases, anterior segmental lesection was perfoimed with 
concomitant colostomy and end-to-end anastomosis between the sigmoid and 
rectum In another seiies of 100 consecutive cases, the opeiation was essen- 
tially similai except that colostomy was not performed 

It IS pointed out again that laie exceptions and especially in cases amenable 
to these piocedures, the line of lymphatic spread in the upper portion of the 
lectum and the rectosigmoid is upward 

In the 100 cases in which the operation was accompanied by colostomy, 
the moitahty rate was 3 per cent In the 100 cases in which the opeiation 
was not accompanied by colostomy, the mortality rate was 6 per cent Four 
of the six deaths in this gioup of cases were due to pulmonaiy embolism or 
w^eie cai diovascular m origin 

^ The gieatest difference between the lesults of the two operations, the one 
witi and the one without colostomy, was in morbidity 
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In the senes m which colostomy was not performed, 82 per cent of the 
patients were out of the hospital within one month and about 65 per cent of 
the patients ^\ ere dismissed from our care within that period All but one of 
94 were dismissed in less than two months after operation 

In the senes in which resection was accompanied by colostomy, 4 pei cent 
of the patients weie out of the hospital but none were dismissed from our 
care at the end of the first monlh after opeiation Only seven of the 97 patients 
were dismissed with all our caie completed two months after operation By 
the end of the fourth month, the operation and postoperative care had been 
completed m 83 pei cent of the cases 

Because the surgical proceduics have been performed too lecently, the 
survival rates must be determined at a futuie date, at which time comparison 
of the eventual results of othei surgical operations for caicinoma in the same 
segment of the bowel can be made 
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Discussion — Dr Lon Groto, Atlanta I shall not attempt to discuss the merits of 
anterior resection because our series is small and the time elapsed since operation is 
too short After discussing this problem with Wangensteen, Dixon and others, we 
decided approximately eighteen mon'-hs ago that we would do anterior resection ir 
properly selected cases 

During the last eighteen months we have done thirteen anterior resections for car- 
cinoma of the lower sigmoid, recto-sigmoid and upper rectum (slides) 

There have been eight of the upper rectum, one of the recto-sigmoid and four of 
the lower sigmoid These patients were all prepared with sulfasuxadine and none had 
colostomy The lowest growth was 6 5 cm, above the pectinate line There have been no 
deaths The last patient was operated on four days before this slide was made, but he 
IS now ten days post-operative and they report his condition satisfactory 

We had in this series two very remarkable complications , acute cholecystitis which 
occurred on the tenth and eleventh postoperative days, respectively These patients were 
obser\ed for 48 hours without improvement, and then cholecystectomy was done through 
a right sub-costal incision, with recovery 

Prior to the first of our cases, we had seen two patients operated on elsewhere, and 
both had a stricture of the ampula It occurred to me that if we could flare the end of 
the sigmoid to fit the ampula we could avoid this The second slide illustrates how this 
uas done 

The first twelve of these cases have had subsequent proctoscopic examination and 
none has shown evidence of stricture 

Dr Donald S Daniel, Richmond, Va I appreciated Dr Estes’ remarkable report 
It certainly emphasizes the close relationship of polyps and carcinoma I also congratulate 
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Drs Graham and Mayo for bringing this most important subject, carcinoma of the 
rectum and colon, before us 

In my discussion I would like to give an incomplete report of carcinomas of the 
rectum and colon Since 1938, Dr Frank Johns, Dr William Johns and I have seen 
124 cases of carcinoma of the rectum and colon, of which 83 per cent were operable with 
an operative mortality of 4 8 per cent Of the 124 cases, 118 were admitted to the Johnston- 
Willis Hospital in Richmond There were 56 carcinomas of the rectum, five were in- 
operable, one refused operation Nine received the Kraske, and 41 the one-stage combined 
abdominoperineal resection No attempt was made to preserve the sphincter in any case 
There were three deaths, or an operative mortality of 5 7 per cent in the rectal cases 

There were 68 carcinomas of the colon, 16 were inoperable, one refused operation 
There were seven Mikulicz’ operations with two deaths There were 44 primary end-to- 
end aseptic anastomoses performed with the use of the Stone technic and clamps, with 
no deaths 

I would like particularly to emphasize this last fact Here we have seven Mikulicz 
operations with two deaths and 44 primary aseptic anastomoses with no mortality In 
the light of these statistics, meager, though definitely indicative, and of our experience, 
we prefer primary end-to-end aseptic anastomosis as advocated by Stone in comparison 
with the obstructive Mikulicz, because of the following considerations 

1 It IS natural, physiologic, and aseptic 

2 It allows a more radical removal of the pathologic colon and the underlying 
glandular-bearing mesentery 

3 The morbidity and infectious complications are at a minimum. 

4 It obviates secondary and someLmes tertiary closure of the colostomy 

5 It allows the patient to get up earlier, which in turn may have some influence 
in prevention of phlebidides and the dieaded pulmonary complications 

6 It definitely shortens the hospitalization by half, which is less expensive to the 
patient and, incidentally, allows more much needed hospital space 

7 It eliminates the colostomy mental depression which retards convalescence 

8 Last, and most important, so far as our results are concerned the mortality is 
definitely low 

Dr Roger G Doughty Columbia, SCI have no series of cases to report that 
would be worthy of interest, in the light of what you have just heard Recently, however, 
there have been two patients that I think might be called to the attention of the Associa- 
tion One was a relatively young woman, in whom, from the x-ray report, there was 
agreement on the presence of a lesion m the rectosigmoid The x-ray man passed up an 
area that looked a little abnormal I was not absolutely satisfied about that area of the 
bowel At operation this patient was found to have very definite carcinoma in the area 
that had first been diagnosed by barium enema as malignant She had also an equally 
well developed malignant area approximately ten inches higher up Resection of both 
lesions was done, and she was found to have malignancy in both areas developing from 
polyps, together with several other small polyps which were not found in the x-ray, 
could not be found, too small 

We did a resection and end-to-end anastomosis (For a long time I have done 
essentially what Dr Grove has done , instead of splitting the gut, we have angled it back 
from the mesentery border to enlarge the opening) I was not satisfied with this anasto- 
mosis at the time, and three months later, to satisfy myself, I had a barium enema done 
and I received a report of constriction in the area of operation We found a stricture of 
moderate extent and the gut was then completely angled back and we got a good result 

The second patient was a man with a mass m the epigastrium and obvious carcinoma 
0 the sigmoid in the x-ray He had carcinoma of the rectosigmoid and also an area m the 
ransverse colon which looked like carcinoma We were misled in this by the plates I 
simp y want to emphasize the fact that because we have one lesion m the gut demon- 
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strated by x-ray, it does not mean that we might not have another 

Dr Richard B Cattell, Boston I should like first to express my appreciation 
for the privilege, as a guest, of discussing these three papers on large bowel surgerj 
We have had a similar family group to that presented by Dr Estes, in which con- 
genital polyposis occurred as a mendehan dominant characteristic At the time of our 
original observation 13 years ago, four of a family of five children were found to have 
diffuse polyposis of this type One or more carcinomas developed in each of the four 
children between the ages of 32 and 39 All foui are now dead from malignant disease 
One had hemicolectomy and abdominoperineal resection with subsequent liver metastases , 
one had a palliative abdominoperineal resection, a third had carcinoma of the cecum, 
carcinoma of the sigmoid and caicinoma of the lectum, and the fourth refused surgery 
In the past, some of us have lacked courage in advising eaily colectomy during the second 
or third decade, and I was pleased that Dr Estes iiiged complete removal of the colon 
In one case we removed the colon, anastomosing the ileum to the rectosigmoid, and 
followed the patient’s course at frequent intenals, doing fulguration of polyps in the 
rectum on each visit We felt safe in doing this, yet carcinoma developed at the site oi 
anastomosis, and because of the extent of the disease in spite of radical resection, I feel 
sure the patient will lose her life Dr Lahey has reported one of these cases in which 
the patient had four simultaneous carcinomas m various positions in the colon We have 
a number of patients in whom, after repeated fulguration of scattered polyps of the 
rectum, we have successfully removed the colon, witli anastomosis of the ileum to the 
rectum Based on our experience, we feel there will be few patients in whom this can 
be safely done and we recommend that total colectomy with ilostomy be carried out for 
patients with this form of polypoid disease 

Dr Graham is to be congratulated on the large amount of material which he has 
accumulated and presented to us relative to the present surgical opinion for the treatment 
of carcinoma of the rectum The extensive statistical data which he has so fully pre- 
sented will require careful study From our experience, we agree with him that most 
patients with this lesion will require abdominoperineal resection 

Dr Mayo presented a large experience with low anterior resection for carcinoma of 
the rectosigmoid and upper rectum, with excellent results for the period of observation 
This experience, together with that pieviously leported by Dixon, Wangensteen and 
others, should permit proper evaluation of this procedure We are unwilling to accept 
resection of carcinoma m this location with such a narrow margin beyond the lesion 
Furthermore, we find oursehes unable to select cases suitable for this type of operation 
We have employed anterior resection with anastomosis in but few cases Even with a 
small lesion which we think is favorable, frequently the pathologist reports evidence of 
disease well beyond the area that could be determined at the time of operation 

To illustrate our position relative to carcinoma of the rectum and rectosigmoid, I 
should like to report on 426 patients operated upon from 1944 to 1946 inclusive Three 
hundred eighty-three abdominoperineal resections were done, constituting 98 per cent 
of all resections performed during this period The mortality in this group was 6 per 
cent, and during this time a resectability rate of 94 per cent was maintained In view of 
the fact that we have reported from our clinic a laige number of two-stage resections, 
we feel it wise to state our present position relative to abdominoperineal resection 
There are still some patients with perforated lesions with abscss who are best treated 
by the two-stage operation It is our opinion that some form of an abdominoperineal 
resection offers the best chance for cure of carcinoma of the rectum and rectosigmoid 
Dr W L Estes, Jr, Bethlehem, Pa (closing) I think Dr Cattell has brought 
out a very important point, i e , the question of the operation in patients with multiple 
polyposis, and is conservatism justified? Certainlj the operation of choice is total 
colectomy including complete resection of the rectum On the other hand there may 
be certain cases in which a more conservatue attitude might safely prevail Cases in 
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which the rectum is pieserved have to be carefully chosen, because there are on record 
instances of carcinomas occurring m these rectums that have been left, in spite of ful- 
guration of the polyps they contain Therefore, cases in which we are conservative and 
leave the rectum, must be only those which can be kept under close observation following 
definitive treatment, and certainly if any suspicion of actual ulceration or carcinoma 
develops, complete removal of the rectum must promptly follow 

Furthermore, patients with a lectum remaining should be pioctoscoped at least every 
six months If repeated fulguration fails to control the polyposis -the rectum -should be 
sacrificed without delay 

Finally, I want to emphasize again that the members of these polyposis families 
who are found symptom free can never be consideied free of the disease unless a com- 
plete diagnostic suivey proves negative The mere fact that they have had no symptoms 
in no way eliminates the possibility that they may be victims of the disease 

Dr Charles W Mayo, Rochester, Minn (closing) There is one point m the 
examination of multiple polyposis oi adenomatosis of the colon that too often is neglected 
In view of the fact that in about 5 pei cent of the cases of congenital colonic polyposis 
there also are polyps in the stomach or small intestine, roentgenographic studies of these 
portions of the digestive tract should be included for complete examination in each case 
To close the discussion of my own particular presentation on the subject of low 
segmental anterior resection and primary anastomosis, I might say that when a malignant 
lesion exists in the region 5 to 15 cm, above the anus, preparation for a one-stage com- 
bined abdominoperineal resection should be carried out m all such cases The final deci- 
sion as to the surgical method to be chosen is made only after laparotomy or, actually, 
very often only after mobilization of the giowlh has been accomplished 

The abdominal portion of a low segmental resection and anastomosis should be 
performed just like that of a combined abdominoperineal lesection If this cannot be 
accomplished so that sufficient mobile colon is left to enable one to perform an end-to-end 
anastomosis without tension, segmental resection definitely should not be pei formed and, 
in my opinion, the case falls into the group in which combined abdominoperineal resec- 
tion should be carried out In some instances I have performed segmental resection 
and have started to make the anastomosis when the pathologist’s report has prompted 
me to change my opinion regarding the technic to be used, and I have shifted to a 
combined abdominoperineal resection This too can be accomplished without too much 
difficulty 

Despite the written and spoken word on the subject of colostomy, if the anus, with 
proper control, can be kept without sacrifice of the life or longevity of the patient, I 
want to perform an operation that does not sacrifice it 
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A Comparison of the Results of Gastro-enterostomy, 

Gastric Resection and Vagotomy at the Duke Hospital 

Clakence E Gabdner, Jk , and Deryl Hart 
Durham, N C 

FROM THE DEPARTMFHT OF SURGERY, CUKE UNIVERSITY SCHOOE OF MEDICINE 

Re-evaluation of surgical procedures used in the treatment of peptic 
ulcer has been stimulated by the introduction of vagotomy by Dragstedt^ 
While final appraisal of the results of vagotomy is not yet possible, enough 
experience with this opeiation has accumulated to enable a comparison to be 
made between its results and those of previously accepted surgical procedures 
It IS our purpose to analyse the results m the sui gical treatment of peptic ulcer 
at the Duke Hospital during the past eight years and to attempt to evaluate the 
place which vagotomy may hold along with gastro-enterostomy and gastric 
resection in the surgical management of this condition 

In the eight years prior to January 1, 1947, 265 patients with gastric or 
duodenal ulcer were operated upon at the Duke Hospital Sixty-eight of these 
had had a gastro-enterostomy, 123 gastric resection and 77 vagotomy f 

G ASTRO-ENTEROSTO M Y 

Patients selected for gastro-enterostomy were usually in the older age 
group with symptoms of gastric retention Although 75% of these patients 
were over 45 years of age there were three between 20 and 30 and twelve 
m the age group 30 to 40 All had duodenal ulcers except one in whom a large 
gastric ulcer with posterior perforation was misdiagnosed as an inoperable 
carcinoma All had obstruction at the pyloius with from 25% to 100% 
retention of barium at the end of six hours 

The operations were done by 1 1 members of the resident and visiting staff 
Fifty-one were posterior and 17 anterior anastomoses There were three non- 
fatal complications, two from pneumonia and one wound infection Thirteen, 
or 19%, had malfunctioning stomas, but in ten of these symptoms subsided 
after continuous syphon drainage of the stomach through an intra-nasal cathe- 
ter Three, oi 4 4%, were relieved only by a secondary operation The inci- 
dence of malfunctioning stomas after anterior and posterior anastomoses was 
the same 

There were five hospital deaths, giving an operative mortality of 7 3 % 

*Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Thursday, December 11, 1947 

t Three had gastric resections followed in from 3 to 5 years by vagotomy for 
marginal ulcer They are included m both groups 

In one an enterostomy was performed between proximal and distal jejunal loops 
In another a plastic procedure was done between the two loops of jejunum similar to a 
Finney pyloroplasty In the third patient in whom the anastomosis had been done over 
a Wagensteen clamp the stomach had not been opened at the time of the original operation 
and it was necessary to take the anastomosis down and complete the gastro-enterostomy 
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One of these was from an inti a-intestinal hemoirhage, presumably from the 
original ulcei or the siituie line on the seventh day, and is the only death 
directly attiibutable to the operation The other four deaths were caused by 
pulmonaiy embolus, coronary occlusion, caidiac failure and uremia, one each 
Of the 63 patients dischaiged 54 have been followed Forty-eight (88 8%) 
have been entirely relieved of digestive symptoms, four having died of un- 
related conditions Thiee (5 6%) have had symptoms of recurrence, one 
having died of a gasti o-iiitestmal hemorrhage Thiee others have multiple 
complaints and aie lecogmzed as having a psychoneurosis, one being a mor- 
phine addict None of the lattei three have evidence of lecuiience of then ulcei 

GASTRIC RESECTION 

When medical measuies failed gasti ic lesection has been the operation of 
choice for patients whose ulcer pain was unielieved, for those with uncontrol- 
lable bleeding (Reference to bibliogiaphy) and for those in whom the possi- 
bility of malignancy existed These were usually in patients of the younger 
age gioup, although one-thiid of the group with duodenal ulcer who had 
resections done weie over the age of 50 

These operations were perfoimed by 11 lesidents and four members of 
the senior staff All had an end-to-side anastomosis between the stomach and 
jejunum, 78 being anterior and 45 posterior to the colon '' The location of 

Table I 

Location of Ulcer m Patients with Gasti ic Resection 


Duodenum 83 

Stomach 31 

Marginal 5 

Stomach & Duodenal 4 


Total 123 


the ulcer and indication for operation in patients with resection is shown in 
Tables I and II 

Malfunctioning stomas developed in 18 oi 14% of the cases but in 14 
sjTOptoms subsided with stomach diainage through an mtranasal tube Four 
patients required reoperation and were relieved by a plastic type of entero- 
anastomosis at the stoma site Other non-fatal complications are shown m 
Table HI. 

Hospital deaths occurred in 10 of the 123 cases with resection and in an 

Additional procedures included disconnecting a gastro-enterostomy and resecting 
a marginal ulcer m four cases, taking down a gastrocolic fistula once, resecting the head 
o the pancreas with choledochoduodenostomy on a mistaken diagnosis of carcinoma of 
lead of pancreas once, reconstruction or implanting the common duct into the duodenum 
Rvice (in one case where it was damaged and in another case where the ulcer involved 
le papilla of Vater), cholecystectomy once, and repair of diaphragmatic hernia once 
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eleventh patient several months after discharge as the result of an operative 
error, giving an operative mortality of 8 9^^ Three of these deaths occurred 
m patients who were operated upon as emergencies because of acute hemo- 
nhage In elective operations there were 8 deaths in 120 cases giving an 
operative mortality of 6 6% Of these 8 deaths five occurred because of 
damage to structures in and about the duodenal stump, two were the result 
of pulmonary embolism and one was a caidiac death in a patient with 
rheumatic heart disease Five of the deaths were directly attributed to the 
operative procedure , two as a result of duodenal or pancreatic duct leaks into 
the peritoneal cavity, two from common duct injuries and one presumably 
followed an injury to the hepatic artery 

Of the 112 patients who survived resection, 100 or 89 2% have been 
followed Eighty-four of these (84 0%) have been entirely relieved of diges- 
tive symptoms, seven having died of unrelated conditions Five (5 0%) have 
had recurrences, among whom two have died of their disease, both following 
reoperations elsewhere, one for perforation and one following total gastrec- 
tomy The other three patients with recurrences had vagotomies in this 
clinic One of these has been entiiely well following vagotomy, another, though 
relieved of his ulcer symptoms is incapacitated by the post-vagotomy syndrome 
characterized by diarrhea, intestinal cramps, weakness and failure to gain 
weight The third continues to have mild, atypical ulcer-like symptoms 
although no ulcer can be demonstrated by roentgen-ray or gastroscopy 

Table II 

Indication joi opeiation m Patients with Gastuc Resection 


Unrelieved Pam 28 

Pain and Obstruction 43 

Unhealed Gastric Ulcer 31 

Uncontrolled Hemorrhage 16 

Marginal Ulcer 5 


Total 123 


Eleven patients, in addition, continue to have gastro-mtestinal complaints 
although their original symptoms have been largely relieved and there is no 
evidence of a recurrence of their ulcer Two of these have mild, atypical 
ulcer-like symptoms, three have multiple complaints and are recognized as 
being neurotic while six have symptoms of the post-gastrectomy syndrome 
These latter symptoms include fullness after meals, a tendency to regurgitate 
food after eating, nervousness, weakness, dizziness and inability to regain 
strength and weight 


VAGOTOMY 

Crimson and his co-workers^ have reported in detail the first 57 of the 
77 patients treated by vagotomy in the past three years in this clinic All were 
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transthoracic vagotomies There were 40 duodenal, 10 stomal and 7 gastric 
ulcers m the series Gastro-enterostomy was also performed m 12 of the 
cases at the time of vagotomy 

Non-fatal complications in 13, or 42%, of the first 31'^ of these cases 
included pneumonia in 5, pleuial effusion sufficient to shift the mediastinum 
in 3 and atelectasis in 5 One patient m the series of 77 cases died 17 days 
following a combined vagotomy and pyloroplasty due to “rupture of the 
stomach after acute gastric dilatation and later a terminal massive hemorrhage 
from a duodenal ulcer”® (mortality 13%) 

Of the 77 patients'”’ 62, or 80 5% have had good results Two have had 
persistent ulceis both of which have been demonstrated at operation, at which 
time subtotal gastric resection was perfoimed in this clinic Seven others have 
mild or atypical ulcer-hke pain although roentgen-ray examination has not 
demonstrated a recuirence A little moie than half of the patients in the 
entire group have had temporal y, inteimittent or moderately severe dianhea 
Four of these have had severe dianhea and one died two years following 
vagotomy of this condition Symptoms of letention of food m the stomach 
have been considered of major importance in 28 or 36% of the cases Pyloio- 
plasty or gastro-entei ostomy has been necessary as a secondary operation 
to relieve major symptoms of retention in 14 3% of all these vagotomized 
patients 


DISCUSSION 

None of the surgical procedures used in the treatment of peptic ulcei is 
ideal (Table IV ) 

Gastro-enterostomy alone is an entirely satisfactory proceduie in the 
older patient with duodenal ulcer whose major symptom is fiom obstiuction 
When the indications for its use are rigidly confined to this group of patients, 
we would consider it the procedure of choice® and see no need to discard it 
in favor of gastric lesection in all cases’.® Vagotomy alone or in combination 
has no place in this group of patients 

Malfunctioning stomas have been a very real source of trouble with us 
as with others® following gastro-enterostomy and gastric resection Why the 
stoma should not function properly in all cases is peiplexing Kinking or 
adhesions about the anastomosis, edema from hypopi otmemia, or pressuie 
from a thick omentum or colon may be the cause in some cases However, 
we have seen stomas function pooily when no adequate cause could be 
demonstrated In the few cases which do not subside with drainage through 
an intra-nasal catheter a plastic procedure similar to a Finney pyloroplasty 
between the pioximal and distal loop of jejunum at their attachment to the 
stomach’® seems to be the best procedure In more than 300 cases Allen” 
has used successfully a proximal jejunostomy tube whose tip lies in the 
stomach to prevent this condition In many cases he also uses a jejunostomy 
tube for feeding’® We have had no experience with these procedures but 
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have used, in occasional cases, tubes passed through a gastrostomy opening 
and extending into the stomach or jejunum or both for the same purpose 
When medical measures fail, gastiic lesection is the procedure of choice 
in patients with lesectable gastiic ulcers and also m those with acute 
hemoiihage Vagotomy has no place in either of these conditions The possi- 
bility of caicinoma in the gastiic ulcei which does not heal piomptly is so 
great as to pieclude any suigical procedure short of resection In the presence 
of continued bleeding fiom a peptic ulcer the only satisfactoiy measure is 
a direct appioach to the ulcei In oui expeiience this must be a resection 
Theie then lemains a large group of ulcers, all in the duodenum, with 
pain which fails to respond to medical measuies They are usually in the 
younger age group, have high gastiic acidity with or without obstruction 
and usually give a history of one or moie hemorrhages or of peiforation in 
the past 

Gastric resection in this gioup will be followed by a perfectly satisfactory 
result in about 85% of the cases The operative procedure, however, may 
be difficult when an active ulcer with posterior penetration has attached itself 
to the pancreas or portal triad Five of our eight deaths m elective resections 
were caused by leakage at the duodenal stump or damage to adjacent 
structures This experience has influenced our decision to “exclude” thiry-five 
percent of duodenal ulcers when resection is done This is in contrast to the 
experience of many^^* who prefei to remove the ulcei m all except 

a very small percentage of cases 

In our 31 cases in which the ulcer was not removed the duodenum was 
inverted above the ulcer in 8 cases, while m 23 the pyloric antrum was 
divided 6 to 8 cm above the pylorus In 12 of the latter cases, the antral 
mucosa was removed and in 11 of the earlier cases it was left in place No 
difficulty with leakage of the closure was encounteied in any of these cases 
It has been our practice to invert the antral stump though Wangensteeffi’’’^ 
has described a method of closure by apposition 

At follow-up only one in the group of 23 antral exclusions had a recurrent 
ulcer The mucus membrane had been left in his pyloric stump At reoperation 
the pyloric antrum and more of the stomach were resected Subsequently he 
developed another stomal ulcer and died in another hospital following total 
gastrectomy The universal opinion of those using antral exclusions^’^us, 19,20, 21 
IS that the antral mucosa should be removed in all cases, and such is our 
present practice The incidence of recurrence of ulcers following antral ex- 
clusion in our series is less than that in the group of resections as a whole 
This IS in keeping with the experience of Allen and Welch^^ (1946) and 
Wangensteen^® (1947) The latter author reports no stomal ulcers following 
antral exclusions m a series of just under 100 cases 

The post gastrectomy syndrome characterized by eructations, fullness 
^ ter meals, weakness, dizziness, inability to gam weight or strength and 
sometimes accompanied by anemia has been leported in from 6% to 29% 
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of cases following subtotal gastiectomy^^’ It has been attributed to precipi- 
tous emptying of the stomach (dumping syndiome) or to abnormal sugar 
absorption^® 

Vagotomy alone, while successful in lelieving the pain of peptic ulcers 
in a high pioportion of cases, is followed by such a high incidence of un- 
pleasant side effects that it is doubtful if the procedure ever should be used 
alone The 36% incidence of gastric letention of which one in three m this 
clinic has to have a secondai y opei ation foi drainage of a large dilated stomach 
IS a serious complication and should lead to the abandonment of this pro- 
ceduie unless it be combined with gasti o-enterostomy Additional side effects 
include intestinal ciamps, diarrhea and failure to gam weight and strength 
and occur in about the same latio as the gasti ectomy syndrome which follows 
gastrectomy 

Vagotomy may have a very real place when combined with pyloroplasty 
or gastro-entei ostomy in the tieatment of refiactor)'^ duodenal ulcers in the 
younger age group Howevei, because each opei ation has its own group of 
complications, it would seem unwise to combine tbe two routinely and to 
add the complications of one pi ocedure to those of the othei This combination 
of operations is frequently used by Dragstedt and is the routine practice ot 
Giimson in our clinic at the present time Their caiefully studied results 
should be awaited before the combined proceduie is generally adopted Until 
then we feel that vagotomy should be leserved for the patient with marginal 
or recurrent ulcer following gastric resection, or gasti o-enterostomy Vago- 
tomy has no place m the ti eatment of resectable gastric ulcei s or of duodenal 
ulcers with uncontiollable hemoiihage oi pyloiic obstruction 

SUMMARY 

None of the surgical pioceduies curiently employed foi peptic ulcer gives 
uniformly satisfactory results 

Gastro-enterostomy has given the highest incidence of success in our 
experience (88 8%) but is applicable only in a iigidly selected group of 
patients m the older age group with lelatively inactive ulcers and a high 
degree of pyloric obstruction 

Gasti 1 C resection is the proceduie of choice in patients whose ulcer gives 
inti actable pain, m those with uncontiollable hemorrhage and in those with 
gastric ulcei when the ulcer does not heal promptly undei a medical regimen 
Results are satisfactory in 84% of our cases Five percent have had recurrent 
ulcers, another 5% have multiple complaints without recurience and 6% 
have sj'mptoms of the postgastrectomy syndrome 

Vagotom)^ cairies a low operative mortality Thus far it is followed by 
definite evidence of recurrence in only 2 6% of cases although an additional 
9,% complain of mild or atypical ulcer-like pain without roentgen-ray evidence 
of reactivation of the ulcer The high incidence of major symptoms of gastric 
retention (36%) of which one in three must have a secondary operation for 
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stomach drainage contraindicates its use unless combined with pyloroplasty 
or gastro-entei ostomy Additional unpleasant side effects which include in- 
testinal cramps, dial rhea and failuie to gam weight or strength occur in 
an appieciable gioup following vagotomy (7 S%) 

Vagotomy loutmely combined with pyloroplasty or gastro-enterostomy 
may hold definite promise in the treatment of active duodenal ulcers with 
mti actable symptoms Until carefully studied results of this combination of 
piocedures have shown otheiwise it seems unwise to combine the two and 
add the complications of one pioceduie to those of the other 

The greatest indication for vagotomy in our expeiience has been m the 
management of maiginal or recurrent ulceis following gastric lesection Vago- 
tomy has no place m the treatment of gastric ulcers, actively bleeding ulcers, 
01 inactive ulcers with pyloric obstruction 
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Discussion — Dr Lon Grove, Atlanta, Ga I have enjojed Dr Gardner’s paper 
The series of cases I wish to report represents what might be expected from gastrec- 
tomy today m a good general hospital, even though there is no organized department of 
gastroenterology 

While we have done 168 consecutive gastrectomies, only 150 cases have been tabu- 
lated, the remaining 18 were done after the following slides were made , It is only fair 
to state that these were all private patients and with two exceptions were done at 
Emory University Hospital, and most received private duty nursing 

Slide No 1 shows the 150 cases with 102 duodenal ulcers, 41 gastric and seven 
marginal ulcers The average duration of symptoms was 13 years It is our policy today 
to operate on all gastric ulcers, while only the complicated duodenal ulcers are believed 
to be surgical When massive hemorrhage occurs in the older age group, it is now our 
policy to institute surgery as soon as blood loss can be replaced, provided a previous 
diagnosis has been made The younger age group is still being treated conservatively 
Slide No 2 shows the various technics Both the Poyla and the Hoffmeister technics 
have been employed, but we prefer the anticolic Hoffmeister method, removing two- 
thirds to three-fourths of the stomach, and when at all possible we are definitely com- 
mitted to removing the ulcer even at considerable effort When this has not been 
feasible, we have employed the Bancroft, modification of the Finster exclusion method 
We are now using a shorter jejunal loop than previously We have found that if the 
stomach is completely free from the pancreas and the transverse colon is placed high 
behind the stomach, a proximal loop of not more than 16 to 20 cm will be ample 
This technic was adopted after a very unusual complication which occurred in an elderly 
woman Five weeks following gastrectomy obstruction occurred, and upon exploration 
we found that the proximal limb of the jejunum loop, which was too long, had herniated 
betw’een the pancreas and the colon, causing a high obstruction Fortunately she re- 
co\ered, but her convalescence was stormy 

Slide No 3 show's the complications Pneumonia 3, atelectesis, 4, phlebitis, 2, 
e\ isceration, 1 , deaths, 1 , mortality rate, 66 per cent These were no non-functioning 
stomas that required subsequent surgery for relief, there were no leaking duodenal 
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stumps, no supplementary jejunostomies and no two-stage gastrectomies While it is too 
early for a final report, there has been only one marginal ulcer complication This 
patient has had a second resection and is now free of symptoms 

Dr Frederic W Bancroft, New York I should like to say a word about the 
modified Devine operation for pyloric exclusion with excision of the mucosa of the 
antrum, which I reported before this Association in 1931 ■' 

Throughout the years since I reported this series, I have operated upon quite a 
number of patients with excellent results, with the exception of one case which bled 
postoperatively and had to have the duodenal stump resected Where the ulcer is low 
on the duodenum and one is afiaid of the possibility of duodenal leakage postopera- 
tively, I feel that this operation is well worth considering 

Since my report in 1931, I have modified the procedure by resecting the median por- 
tion of the stomach, leaving enough antrum so that the mucosa can be coned out and 
the stump closed without tension and the stomach can be resected to any extent that I 
feel is necessary This does not complicate the procedure and, as you know, the middle 
portion IS always easy to resect 

I should also like to say something about the study on vagotomy that is being 
carried out at the Veterans Hospital m New York At a conference with Dr Whipple, 
Dr St John, the Attendings and the Residents we decided that we would do 50 
transthoracic vagotomies in ordei to determine the actual benefit of the Dragstedt 
operation The patients are selected by slaft vote and are cases of pain with or without 
bleeding, but without gastric retention We have felt that we have opportunity for 
unlimited follow-up The night secretions are taken on all these patients and, if they are 
high and if the Hollander test shows a high acid, and if there is no gastric retention 
after six hours, we have felt that this is a sufficient indication We have felt that it is 
inadvisable to do the subdiaphragmatic vagotomy with gastroenterostomy because we 
know that it took us ten years to find out the evils of gastroenterostomy without vago- 
tomy Therefore we have done the trans-thorac c vagotomy because we do not like to 
complicate the picture We have felt that it might be possible that we might have to do 
a second operation if retention became accentuated after this procedure We have also 
used it in cases of gastrojejunal ulcer 

Up to August, 1947, we operated on 19 of these cases Of this group, 15 are 
reported as good, three fair and one failure Our follow-ups since August have not 
shown any change in this analysis Since August, 1947, 15 additional cases have been 
operated on There has been one fair result because the patient had mild symptoms of 
pain after meals, and two of these cases have been classified as failures One had to 
have a gastroenterostomy and the other, a subtotal resection There have been a few 
minor chest complications which were largely due to fluid m the chest but which were 
leadily relieved by aspiration Our present feeling is one of mild skepticism because it is 
not a cure-all operation Diarrhea has not been a noticeable postoperative finding in 
our series There have been no deaths We feel that this procedure is valuable because 
of Its low mortality in carefully selected cases It may be only a first stage, but cer- 
tainly 80 per cent will be relieved without further operative procedure 

Most of our patients are veterans of World War II, young men, and we do not 
want to submit them to a subtotal gastric resection unless it proves necessary 

Dr Deryl Hart, Durham, N C (closing) I will briefly re-emphasize some of 
niy personal opinions as crystallized by this study 

1 Gastroenterostomy still has a definite place in gastric surgery, m certain well- 
selected cases 

2 Gastric resection has given satisfactory results in a relatively high percentage of 
cases, with few marginal ulcers 

^ greatest operative risk lies m resection of d uodenal ulcers densely adherent 

Til of the Devine Operation of Pyloric Exclusion for Duodenal 

Ulcer, Am J Surg, 223, 1932 i^uoaenal 
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to or ulcerated into the pancreas, particularly when located some distance below the 
pj lorus 

4 When the ulcer has eroded the pancreas, and is resected, it is safest to insert a 
drain down to this area to provide an outlet for pancreatic secretion in case a duct has 
been eroded 

5 In this series, the results following exclusion operations have been as good as 
following resections Since such an operation with removal of the antral mucosa avoids 
all the special risks associated with resections of perforated or adherent duodenal 
ulcers in proximity to the bile ducts, it probably should be used more often This is 
particularly true for those operators who do some stomach surgery, but who are less 
experienced in handling these complicated and difficult situations Also, if there is any 
indication to do so, subsequent removal of the duodenal and gastric stump following 
healing of the ulcer is usuallj relatively easy 

6 Subtotal gastric resection is a mutilating operation, at times followed by symp- 
toms of so-called “dumping syndrome’ , and at times by inability of the patient to regain 
his lost weight However, we must not lose sight of the fact that denervation may 
be even more mutilating than resection insofar as function is concerned, and the com- 
plications following vagotomy have been higher than following other types of operative 
treatment for ulcer 

7 The immediate mortality following vagotomy is definitely lower than following 
resection However, with the trend toward some type of operation to dram the 
paralyzed stomach in every patient having a vagotomy, this lower mortality for vagotomy 
may change 

In conclusion, we would say that we are favorably impressed with the percentage 
of excellent results following resections or exclusion types of operations, and in certain 
well-selected cases, following gasti oenterostomy Vagotomy is still in the experimental 
stage, and we feel we are not justified in performing such an operation without ex- 
plaining this to the patient, and then only if the patient and the surgeon are willing to 
carry out careful postoperative studies at intervals for an indefinite period of time, in 
order to evaluate the procedure and determine its eventual place m the treatment of ulcer 
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THE SURGICAL TREATMENT OF OBSTRUCTIVE LESIONS 

OF THE ESOPHAGUS^ 

James M Mason, HI, M D. 

Birmingham, Ala 

With the coiiipai atively lecent developments in thoiacic suigery, many 
lesions of the esophagus which foimeily received only palliation by means 
of a gasti ostomy aie now subjected to diiect surgical attack No doubt, there 
will always be a place for an aitificial epi-thoiacic esophagus Many ingenious 
methods of constiucting such an esophagus have been devised ® 

Those who advocate these piocedures do so on the giounds that, although 
multiple opeiations aie necessaiy and morbidity is sometimes encountered in 
leakage at the anastomoses, they aie safei than those methods in which the 
jejunum^ oi stomach^°>^^ is brought up into the chest, and anastomosed to 
the pioximal esophageal segment Anastomosis of the stomach and esophagus 
within the chest may, m some instances, be hazaidous, technically difficult, 
and piolonged Howevei, these hazaids and difficulties are being oveicome 
and good results fiom the latter pioceduie are being repoited m increasing 
numbers Restoration of normal continuity of the digestive tract is desired 
whenever any poition is removed oi obstiucted If this can be achieved, it is 
pieferable to an esophageal fistula, an artificial esophagus, a gastrostomy, an 
ileostomy, oi a colostomy Admitting the occasional necessity for the con- 
stiuction of an epi-thoiacic esophagus, as was shown m a lecent papei by 
Van Prohaska and Sloan,® the advantages of an mtrathoracic esophagus are 
obvious 

In this paper I wish to repoit some expeiiences in the surgical treatment 
of achalasia of the esophagus, carcinoma of the caidiac end of the stomach, 
and cicatricial stenosis of the esophagus at the terminal, middle third, upper 
third, and cervical levels Several advanced carcinomas of the esophagus have 
been observed, but none were operable, and palliative gastrostomies were 
necessary 

ACHALASIA 

It is geneially agieed that all patients with caidiospasm or achalasia of 
the esophagus should be given a fair tiial with dilatations, as many will be 
leheved of their distiessing symptoms by this pi ocedui e In those cases 
in which dilatation fails, surgical intervention will be necessary to prevent 
serious malnutrition and even starvation In addition to dysphagia, these 
patients complain of severe pain and “heait-burn” from esophagitis This is 
due to actual digestion of the esophageal mucosa from the fermentation of 
food letained m the dilated esophagus Avitaminosis is a contributing factor, 

as Fisher^^ has demonstrated by esophagoscopy in patients suffering from 
pellagra 

^Read before the Southern Surgical Association at Hollywood Beach, Florida 
Thursday, December 11, 1947 
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The etiology of cardiospasm is not well understood Many methods have 
been employed in efforts to correct the resulting obstruction Ochsner and 
DeBakey/® Bell/® Crimson/'^ and others have described in detail these differ- 
ent technics, all leading up to the currently popular and very satisfactory 



Fig 1 Fig 2 

Case 3 — Achalasia of the esophagus 

Fig 1 — Photograph 10th postoperative day (July 1947) showing extreme emacia- 
tion Patient’s weight 93 lbs 

Case 3 Fig 2 — Photograph October 1947 Patient’s weight 117 lbs 

trans-abdominal esophago-gastrostomy based on the principle of the Finney 
pyloroplasty This procedure has been well illustrated in a recent paper 
by Bell ^® W e have employed the method successfully in four cases, three of 
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which were true achalasias, the other being a case of cicatricial stenosis at the 
terminal end of the esophagus of undetermined etiology 

Case 1 Histoiy — ^Jefferson-Hillman Hospital No 24276 C G, colored female, age 
18, had been a dispensary patient for several weeks, with a history of dysphagia of three 
years’ duration A diagnosis of achalasia of the esophagus had been made by roentgen- 
ray and esophagoscopic examinations Repeated dilatations gave only temporary relief 
She was admitted to the hospital on August 14, 1946 At that time her weight was 
95 lbs 

On August 19, 1946, a trans-abdominal esophagogastrostomy was performed The 
postoperative course was smooth and when discharged on September 10, she was eating 
solid food without difficulty She returned to the hospital for a check up in October, 



Fig 3 

Case 6 — Carcinoma of cardia of stomach 
Fig 3 — Specimen showing tumor and ulcer crater Arrow indi- 
cates esophago-gastric junction 


1947 A barium study of the esophagus showed no obstruction , she weighed 130 lbs , 
and had no complaints 

Case 2 Histoiy — Jefferson-Hillman Hospital No 34645 S M, a white male, age 
65, was admitted to the hospital on January 11, 1947 He had suffered from dysphagia 
for the past three years During this period he had been unable to eat solid- food His 
weight was 117 lbs Heart-burn was a constant complaint A diagnosis of achalasia was 
made by roentgen-ray and esophagoscopy Dilatations gave no lelief On February 5, 
1947, a trans-abdominal esophagogastrostomy was performed His convalescence was 
smooth and he was discharged on the 14th postoperative day eating solid food Post- 
operative roentgen-ray studies showed that the barium passed readily into the stomach 
He has been followed at frequent intervals in the dispensary, weighed 133 lbs m April, 
1947, and was having no difficulty eating any kind of food 

Case 3 History — St Vincent’s Hospital, No N526 EM C, white, female, 
married, age 38, was admitted June 29, 1947, with a history of dysphagia increasing in 
severity for the past two years For three weeks before admission she was only able to 
swallow liquids On admission her weight was 93 lbs Prior to the beginning of her 
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illness, her average weight had been 120 lbs Heart-burn was a constant symptom 
Dilatations of the esophagus had given no relief A diagnosis of achalasia was made by 
roentgen-ray and esophagoscopic examinations On July 2, 1947, a trans-abdominal 
esophago-gastrostomy was performed Her convalescence was smooth and she was dis- 
charged from the hospital July 13, 1947, swallowing without difficulty She returned on 
October 28, 1947, for check up Her dysphagia was completely relieved and she weighed 
117 lbs 

Case 4 History — St Vincent’s Hospital, No M9956 S B R., white, female, 
married, age 44, was admitted to the hospital on May 22, 1947, with dysphagia of 
five years’ duration Dilatations at frequent intervals before admission, performed else- 
where, had not helped her The dysphagia had been severe since April, 1947 She 



Fig 4 

Case 6 Fig 4 — Postoperative X-ray 


weighed 110 lbs at time of admission She was able to swallow liquids, but no solid food 
“Heart-burn” and regurgittion of saliva were constant symptoms A diagnosis of stric- 
ture of the terminal esophagus was made by roentgen-ray and esophagoscopy The 
etiology of the condition was unknown and there was no history of the ingestion of any 
escharotic agents Since the stnctured area was in the terminal esophagus, we elected 
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to try the achalasia operation, reserving the more formidable trans-thoracic esophageal 
resection and intra-thoracic esophago-gastrostomy for a later date in case an adequate 
lumen was not obtained She was operated upon May 24, 1947, by the trans-abdominal 
route The stnctured area was incised longitudinally and an esophago-gastrostomy per- 
formed as for correction of achalasia Her postoperative course was smooth The lumen 
of the esophagus is adequate, and she can eat whatever she wishes, but must masticate 
her food well She has been followed at fiequent intervals and weighs 140 lbs 

Case 5 Histoiy — Jefferson-Hillman Hospital No 38603 R M, colored, male, age 
32, was admitted on January 17, 1947, with complaint of dysphagia and substernal 
burning for a year He had lost 50 lbs in weight A diagnosis of achalasia of the esopha- 
gus was made by roentgen-ray and esophagoscopy The patient had a definite psychosis, 

due apparently to ignorance, superstition, 
and malnuti ition, and committed suicide by 
jumping from a third story window while 
undergoing treatment preparatory to opera- 
tion An autopsy was obtained, and photo- 
graphs show the conditions found m the 
diseased esophagus 

CARCINOMA OF THE CARDIAC END 
01 THE STOMACH 

Due to the gieatei ease of expo- 
siiie, the trans-thoiacic appioach to 
lesions high in the stomach is being 
extensively employed 

A case of caicmoma of the cardia 
causing obstruction at the esophageal 
oiifice was successfully opeiated upon 
using this appioach 

Case 6 Fig 5 — Showing healed incision 
9th left interspace 

Case 6 Histoiy — St Vincent’s Hospital, No N1894, G B, white, male, married, 
age 40, was first seen on September 10, 1947, complaining of dysphagia of three months’ 
duration He gave a history of peptic ulcer of several years’ duration, and had been 
discharged from the regular Army on account of this disability He was in good general 
condition otherwise, and weighed 180 lbs He underwent esophagoscopy on September 10, 
and a specimen, positive for carcinoma of the stomach, was taken from a tumor mass 
projecting into the lumen of the esophagus at the esophago-gastnc junction On Sep- 
tember 20, through a left trans-thoracic approach, the distal end of the esophagus and 
the upper two thirds of the stomach were removed Intra-thoracic esophago-gastrostomy 
was performed The postoperative course was uneventful and he left the hospital October 
9, swallowing without difficulty, and has remained well 

The resected portion of stomach revealed a large ulcerated carcinoma of the cardia 
Sections of the lower esophagus showed that the growth had not invaded this organ 

RESECTION OF THE ESOPHAGUS 

In reviewing the literature, there seems to be unanimity of opinion that 
lesions of the lower third of the esophagus ai e best ti eated by resection and 

nitia-thoracic esophago-gastrostomy 23, 24 However, in dealing with 
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lesions of the upper two-thirds, there are two schools of thought One favors 
the performance of the plastic type of epi-thoracic esophagus 
The other advocates mobilization of the stomach or jejunum, with 
the performance of an intra-thoracic esophago-jej unostomy or gastrostomy, 
which may be carried out as high as the suprasternal notch We have performed 
three esophago-gastrostomies according to the technic of Sweet 

Case 7 Huforji— Jefferson-Hillman Hospital No 25219 G D , colored, female, age 
28, was admitted to the hospital on November 11, 1946 In June, 1946, she had swallowed 



Fig 6 

Case 10 — Lye stricture of esophagus high in the cervical portion 
Fig 6 — X-ray showing level of stricture 

lye She had several admissions to the hospital for dilatations of the resulting stricture 
These dilatations gave only temporary relief Her weight was 113 lbs The stricture 
lay at the level of the arch of the aorta On November 20, 1946, a sub-total esophagec- 
tomy with high intrathoracic esophago-gastrostomy following the method of Sweet was 
performed In her postoperative course, fluid accumulated m the pleural cavities This 
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was aspirated and both lungs expanded Otherwise, her postoperative course was smooth 
She was discharged December 14, 1946, swallowing solid foods without difficulty She 
was readmitted to the hospital in October, 1947, for a check up She weighed 120 lbs , 
and was swallowing without difficulty She ate a full diet and worked every day 
Roentgen-ray studies showed a well functioning anastomosis 

Case 8 History — St Vincent’s Hospital, No N2142 W M H, white, female, 
married, age 41, was admitted to the hospital on October 6, 1947 When she was two 
years of age she swallowed lye, and an extensive stenosis of the esophagus resulted This 
began at the level of the aortic arch and extended downward, involving the lower two- 
thirds of the organ Dilatations had been carried out from time to time, but none for the 
preceding four years She was said to have weighed 130 lbs five years ago, but at the 
time of admission her weight was 97 lbs 

On October 11 a sub-total esophagectomy with high intra-thoracic esophago- 
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Fig 7 

Case 10 Fig 7 — Postoperative X-ray showing barium passing freely 

into stomach 

^strostomy was earned out The operation was unattended with any special technical 
imculty and abundant fluid and blood replacement was employed For two days her 
condition appeared quite favorable, but death took place suddenly on October 13 Autopsy 
s lowed normal progress of healing with no leakage at site of anastomosis There was a 
nio erate amount of sero-sanguinolent effusion in the left chest, which was to be expected, 
an w iich usually requires aspiration in cases that progress favorably The exact cause 
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of death was not ascertained My impression is that we over-estimated the abihtj oi 
this debilitated patient to withstand so formidable an operation 

Case 9 History — Jefferson-Hillman Hospital, No 1956 E M , colored, male, age 
4, swallowed lye in July, 1945, resulting in an esophageal stricture just below the level 
of the clavicle A gastrostomy had been performed, and he had been followed in the dis- 
pensary for two years His nutrition was only fairly well maintained on the gastrostomy 
feedings at home and he had several admissions to the hospital for attempts at dilatation 
of the stricture and for high caloric gastrostomy feedings Due to his poor economic 
environment it was becoming quite a problem to obtain adequate diet for him, and 
unless he stayed in the hospital, malnutrition became marked 

On January 20, 1947, a sub-total esophagectomy with intra-thoracic esophago-gas- 
trostomy at the level of the suprasternal notch was performed While the location of 
this stricture was very high, there were no technical difficulties in freeing the esophagus 
and in making the anastomosis The child died suddenly only 24 hours after operation 
The exact cause of death was not ascertained, as an autopsy was refused 
STRICTURE or THE CERVICAL ESOPHAGUS 
A unique type of esophageal stricture is that in which the ingestion of lye 
or other escharotic agent causes a burn at the laryngo-esophageal junction 
or in the upper cervical esophagus When dilatations of strictures m these 
locations are unsuccessful, relief of the obstruction is extremely difficult, since 
neither the stomach nor the jejunum can be brought up this high, and the 
cervical stump cannot be brought to the surface of the neck for anastomosis 
with an epi-thoracic esophagus 

We present a case of cicatricial stenosis of the upper servical esophagus 
corrected by longitudinal division of the stricture and reconstruction of an 
adequate lumen over a bougie 

Case 10 History — Jeffecson-Hillman Hospital, No 40188 L N , colored, male, 
married, age 46, was admitted to the hospital on January 24, 1947, with a stricture high 
m the cervical esophagus which followed the accidental swallowing of lye four weeks pre- 
viously Attempts at dilatation were unsuccessful, and on January 31, 1947, a gastros- 
tomy was performed He was discharged on February 8, and was readmitted on March 
12, weighing 114 lbs He was experiencing difficulty in maintaing adequate nutrition 
by gastrostomy feedings On March 26, the cervical esophagus was exposed through an 
incision on the left side of the neck parallel to the anterior border of the sterno-cleido- 
mastoid muscle The stnctured area, measuring about one inch in length was incised 
longitudinally, a nasal tube was passed into the esophagus through the stricture, and 
into the stomach, where the distal end was brought out through the gastrostomy opening 
A string was attached to the lower end of the nasal tube and was pulled through the 
stnctured area and out of the mouth The tube was then removed and a bougie was 
placed within the stnctured area and anchored by a string attached to each end The 
wound was closed in two layers over the bougie Gentle traction on the string gave early 
motion to the bougie and prevented the formation of adhesions in the divided stnctured 
area The wound healed per primum, and the bougie was removed It was not possible 
to continue dilatations during his stay in the hospital He was discharged on May 2, 
1947, with adequate esophageal lumen and had gained in weight from 114 to 145 lbs He 
has been followed at intervals and the esophageal lumen continues adequate 

SUMMARY 

1 The surgical treatment of achalasia of the esophagus is illustrated Cases 
are reported 

2 The transthoracic approach for resection of high gastric lesions is advo- 
cated, with presentation of a successful case 
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3 Sub-total esophagectomy with intra-thoiacic esophago-gostrostomy is advo- 
cated for obsti active lesions of the esophagus in the upper, middle and 
lower thirds, with leport of thiee cases None of these presented any 
technical difficulties Unfortunately, two did not survive One of these 
was pel haps too young for so formidable an undertaking The dther was 
piobably moie debilitated than was appreciated 

Regardless of the moitality m-this small series, we piefer this method 
since laigei gioups aie being leported with much lower death lates 

4 A lye stiicture of the high ceivical esophagus is leported which was success- 
fully treated by external longitudinal division of the stiicture and recon- 
sti action of the lumen ovei a bougie 
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Discussion — Dr Alton Ochsner, New Orleans Di R Mason has shown us 
beautifully what can be accomplished m otherwise intractable lesions of the esophagus 
With the introduction of antibiotics, it became possible to enter the chest and operate 
safely, which we could not do before There are still, however, certain difficulties One 
is the fact that these patients who are chronically ill, suffering either from neoplasms or 
infection, are likely to have contracted blood volumes, and unless the blood volume 
deficiency is determined and co'^rected, they are not able to withstand an operation of any 
magnitude The ordinary blood determinations, such as the red cell count and hemo- 
globin determination, are not sufficient in these patients to determine whether or not 
anemia is present Unless the blood volume deficiency is corrected, not only is shock 
likely to occur during the operative procedure, but also healing is interfered with 

Another difficulty m esophageal surgery is the incidence of stricture at the esophageal- 
gastric anastomosis Dr DeBakev and I have suggested a modification of the usually 
employed technic, which consists of a longitudinal incision in the esophagus, extending 
from the open end, thus increasing the esophageal opening In this way the size of the 
opening can be greatly increased Since we have been using this we have had no cases 
of stricture 

My further discussion will be limited to the organic strictures of the upper end 
of the esophagus The first was m a patient aged 32 who swallowed lye at the age of 
two As shown m the slide, a stricture is present in the upper portion of the thoracic 
esophagus m the region of the arch of the aorta Esophageal dilation was not possible 
except under esophagoscopy In order to cure this patient it was necessary to remove 
all the thoracic esophagus and reestablish the continuity of the digestive tract by 
bringing the stomach up and anastomosing it to the esophagus at the pleural apex The 
next patient was one with a carcinoma of the esophagus involving the upper third of the 
thoracic portion which required resection of the entire esophagus, mobilization of the 
esophagus from behind the arch ot the aorta, and anastomosing between the upper end 
of the esophagus and the stomach The procedure in both these patients was tolerated 
well and the patients have made uneventful recoveries These were possible, we 
believe, because of reestablishment of the blood volume and the use of appropriate 
technical procedures 

Dr J E Dailey, Houston, Texas It is with gratitude for the opportunity, and 
also with some trepidation, that I venture to discuss this paper I only wish Dr Mason 
had had the time to go into the postoperative care of these cases more fully I think 
this IS most important In the past two years we have had the opportunity to perform 
twelve of these operations, that is, esophagectomies and partial resections of the stomach 
with anastomosis I would like to mention three points of interest m postoperative 
management of these cases In the first place, since it is generally believed that the use 
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of concentrated saline solutions intravenously has the tendency to concentrate salt in 
the region of the trauma with lesulting edema, we have felt hesitant about using saline 
postoperatively and during operation, thinking that such edema at the site of anastomosis 
might interfere with healing The second point is that we do not make it a policy to 
use a Levine tube routinely In only two cases we had difficulty with stomach dilation 
postoperatively, probably due to section of the vagi, and we had to use a tube And 
third, we have felt that since these patients produce and swallow their own saliva, there 
was no necessity for withholding liquids postoperatively So we have permitted them 
to have water by mouth, one ounce each hour immediately, and on the second post- 
operative day have added a liquid formula diet and then increased it to a soft diet by 
the end of a week 

Dr C Frank Chunk, Tampa, Florida I want to congratulate Dr Mason on 
his work, his excellent results and his presentation 

Achalasia of the esophagus, m the great majority of cases, is successfully treated by 
one or more courses of dilation of the esophagus However, in from 2 to 5 per cent of 
cases, surgical reconstruction of an esophageal lumen is necessary 

With the concept that present day methods of anesthesia, chemotherapy and blood 
transfusion probably render thorocotomy as safe as laparotomy, I would like to show a 
few slides of the trans-thoracic resection of the lesion of esophageal achalasia with a 


thoracic esophago-gastrostomy 

Slide No 1 shows the barium swallow shadowgram of a 55 year old white man 
whose dysphagia began m 1918 Multiple courses of esophageal dilation were of only 
temporary benefit Since 1930 he had been unable to swallow anything except liquids, 
and even liquids became progressively more difficult When seen in December, 1946, 
he had been unable to swallow even water for three days X-rays and esophagoscopic 
examination indicated achalasia of the esophagus 

Slide No 2 After appropriate preoperative preparation, a transthoracic resection 
of the esophageal lesion was carried out The stomach was mobilized, the cardia was 
placed into the pleural cavity and the anastomosis of the esophagus to the cardia of 
the stomach was done This was accomplished by using no clamps on the esophagus 
and having absolutely no tension on the anastomosis The patient was out of bed in 
three days and went home in eleven days 

Slide No 3 This shows the barium swallow two months postoperative, showing a 
very adequate anastomosis and stomach filling He has eaten a normal diet without 
difficulty since soon after discharge from the hospital 

In dealing witn lye strictures of the esophagus, especially since the great majority 
of these patients are children (however, we have treated our adult patients in the same 
''■ay) we prefer to construct a whitzel gastrostomy with the serous membrane lined 
tube of the gastrostomy pointing at the esophageal opening Then by placing and 
maintaining a silk string through the nose, stomach, and out through the gastrostomy, 
we have successfully dilated all our esophageal strictures The dilations are done in the 
retrograde direction by pulling increasingly large rubber bougies through the gastrostomy 
and esophagus The patient swallowj^s liquids in a day or two, takes a soft diet in a few 
ays and, a little later, a normal diet Weekly retrograde esophageal dilations are done 

unti the esophagus is fully dilated, and the dilation remains This requires between one 
and two years 


n our hands this method has been very satisfactorj We have been able to dilate 
a our cases of lye stricture of the esophagus without mortality 

gain I would like to congratulate Dr Mason on this excellent work 

nrivilr^L T ’^^^^shington, D C As a visitor I greatly appreciate the 

tton w 1 , discuss Dr Mason’s paper I congratulate him on his presenta- 

stac-p shown us that surgery of the esophagus has already passed the experimental 

of fur^^rv acceptable surgical procedures This field 

S y has made tremendous strides in the last few years To emphasize this progress 
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I would like to say that it has now been a little less than three years since I attended 
a meeting in one of our large cities The speaker on that occasion was introduced as 
being a man who knew more about cardiospasm than anyone in the world In the 
speaker’s discussion on carcinoma of the esophagus, he stated that surgery for carci- 
noma of the esophagus was nothing short of euthanasia I am sure that speaker does not 
maintain that idea today We, as surgeons, realize the clinical significance of the various 
obstructive lesions of the esophagus, and arc anvious to try to do something for these 
unfortunate patients, but it seems that many medical men arc still reluctant to refer 
these patients for surgery For this reason I feel Di Mason s paper would be of even 
greater importance if presented to a mixed group of physicians than to a group con- 
sisting of surgeons only I would emphasize the importance of esophagoscopic examina- 
tion for any patient who has difficulty in swallowing, as the diagnosis will be made much 
earlier and the outcome will be much more favorable It is relatively common for 
patients to be referred to us with a diagnosis of cardiospasm, who have been treated foi 
months with belladonna, atropm or other antispasinodics Phis line of treatment should 
be strongly condemned, and more appropriate diagnostic methods should be used earlier 

I cannot agree with one of the discussers who resected a short segment of 
esophagus and did an esophagogastrostomy for cardiospasm The majority of cardio- 
spasms can be carried successfully through life by careful and adequate dilation If, 
however, dilation is not successful, <i transthoracic or abdominal esophagogastrostomy 
without resection is the procedure of choice, because the operation is much less formid- 
able, the end results are better and the moitality rate is much lower This same 
procedure has been used also with gratifying results in a benign stricture of the lowei 
end of the esophagus which resisted all forms of dilation 

If I may diverge for a moment from the discussion on obstructive lesions of the 
esophagus, I might say that I was greatly impressed by the number of patients who 
died from postoperative pulmonary complications after gastric resection, as presented 
m the previous papers These postoperative deaths from pulmonary complications were 
designated as deaths from oneumoma I seriously doubt that there is any such thing 
as postoperative pneumonia developing within the first two to five days following an 
operation In my opinion, practically all these cases begin as a postoperative atelectasis 
and, if unrecognized and not properly handled, may of course develop a superimposed 
infection which then may be designated as pneumonia The importance of proper post- 
operative care for these patients cannot be overemphasized Aceumulation of pleural 
fluid, unless of small amount, demands thoracentesis Postoperative atelectasis demands 
bronchoscopic aspiration if the obstructing plug of mucus in the bronchus cannot be 
removed promptly by other means 

In connection with carcinoma of the lower end of the esophagus or the upper part 
of the stomach, when the obstruction is complete, although the lesion may be unre- 
sectable, an anastomosis of the stomach with the esophagus above the obstruction has 
furnished relief for a short time to one of our patients 

Dr James M Mason III, Birmingham, Ala (closing) Of course blood replace- 
ment, as Dr Ochsner emphasized, makes radical surgery possible This is absolutely 
essential Referring to Dr Dailey’s discussion of postoperative treatment, Dr Davis 
pointed out that the most important step is prompt and complete re-expansion of the lung 

Whenever discussion of the use of the nasal tube for gastric suction is brought up, 

I refer to a paper Dr A O Singleton presented before the American Surgical Asso- 
ciation in 1942 We feel very strongly in favor of its use Many children with lye 
strictures are treated successfully with dilations Radical surgery is applied to those 
in which dilations are unsuccessful 

In the treatment of achalasia we prefer the transabdominal approach The 
esophagus can be quite adequately mobilized fiom below the diaphragm, and this 
approach obviates the necessity of opening the pleural cavity 
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AND THE UNION MEMORIAL AND SINAI HOSPITALS, BALTIMORE 

The repair of vei}^ large vential hernias has always taxed the ingenuity 
of the suigeon This is true not only when the defect is large, but also when 
the fascial stiuctuies sui rounding a smaller defect are weak A large pro- 
portion of these cases occur in veiy obese people In such people the fascia 
surioundmg the defect is often weakened by the infiltration of fat, and this 
militates against a successful repaii by any of the oidinaiy methods Fascial 
flaps of vaiious sorts from the local site have been used to repair the defect 
Flee autogenous transplants of fascia lata have also been used Years ago 
the pi esent writei ^ introduced the use of lai ge sheets of ox fascia lata for the 
1 epaii of such defects All of these methods have been more or less successful, 
but none has been umfoimly so, especially m the type of case dealt with m 
this paper 

On March 20, 1946 when my attention was called to tantalum mesh by one 
of our leading surgical supply houses, f I %\eIcomed the opportunity to try it 
out, both experimentally and clinically The material had ahead}'’ been used 
on a limited number of cases by C R Lam,^ of the Henry Ford Hospital, and 
by T D Throckmorton,^ of Des Moines I, also, have now used the material 
in a limited number of cases both experimentally and clinically It has not 
been used more widely because the supply has been very limited , for a period 
of time the material was not procurable at all Recent information indicates 
that It is now available on the open market 

Metal filigrees, such as silver, were introduced for hei nia repair many years 
ago, and this method has recently been reviewed by Cole ^ So far as I know, 
however, nothing similar to a screen mesh has been used before the introduc- 
tion of tantalum mesh 

I have used tantalum mesh experimentally m four dogs In each instance 
three to six inches of the rectus muscle on each side was resected, and the 
defect immediately lepaired by suturing a piece of tantalum gauze to the 
edges of the fascia surrounding the defect, there being nothing left between 
the peritoneum and the subcutaneous tissue but the tantalum gauze These 
animals were sacrificed from 4^4 to 9^2 months after operation In each 
instance the defect was completely closed by the mesh, which had become 

BeceiS?/ll^^l947 Southern Surgical Association at Hollywood Beach, Florida, 

was first directed to tantalum gauze by Dr Herbert L Davis, Di- 
tnripr t the Department of Exnenmental Research for the Ethicon Suture Labora- 
fohnson & Johnson, New Brunswick, New Jersey During the course of 
ome correspondence with Dr Davis, with regard to changing the solution m which 
preserved, he stated that he had been interested m the possibilities of 
cnn puze for the repair of hernias and asked if I wmuld like to try it out John- 
on ^ Johnson furnished all the materials (tantalum mesh and tantalum wireJ used 
tor the experiments m this paper 
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- covered by a thick and tough envelope of fibrous tissue The fibrous tissue 
had grown through the meshes of the gauze throughout, and could not be 
separated from it except by very shaip dissection (Fig 1) A firmer and 
more thorough-going closure of the defect can scarcely be imagined 



Fig 1 Piece of tantalum gauze removed from a dog 9Vs 
months after operation The meshes of the gauze have been 
thoroughly infiltrated with ^brous tissue and the entire piece of 
gauze IS covered with a tough envelope of fibrous tissue 

The material has now been used clinically in five cases All of these case'^ 
were very fat people who had very large hernias and poor tissues to deal with 
The first case was a private patient operated upon at the Union Memorial Hos- 
pital Three cases were ward patients from my service at the Smai Hospital 
One patient was operated upon on the service of Dr Howard Kern at the Sinai 
Hospital, and he has kindly consented to allow me to include it in the series 
in Case 4 of the series (Figs 2, 3, 4 and 5), it was impossible to close the 
large defect, and a piece of tantalum gauze was sutured to the edges of the 
defect, overlapping the edges somewhat, and leaving only the gauze between 
the peritoneum and the subcutaneous tissue, just as in tbe experimental ani- 
mals In the other cases it was possible barely to approximate the edges of 
the defect, and it was certain that the repair would not have held with this 
simple approximation In these cases the suture line was reinforced by suturing 
a piece of tantalum mesh over it, well overlapping the surrounding weak fascia 
In one case (Case 5), after a simple approximation of the edges of the defect, 
the tissues were under so much tension that the rectus sheath was split longi- 
tudinally on each side of the suture line to relieve tension, and then the suture 
line, and also the incisions in the rectus sheath, were covered by tantalum mesh 
The technic of using this material is shown in Figure 6 The mesh is held 
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Fig 2— Front view of Case 4 before Fig 3— Side view of Case 4 before 
operation operation 



Fig 4 -Front view of Case 4 two Fig 5 -Side view of Case 4 two 
weeks after operation weeks after operation 


in place with interrupted sutures of tantalum wire Before placing the sutures 
a ou 34 inch of the edge of the mesh is turned over on itself, so that the 
su uies go through two thicknesses of the mesh This makes the sutured 
prevents the wiie suture from pulling out of the mesh The 

eical sr ^ ^ ordinary sur- 

whil nX' tantalum wire is now available on atraumatic needles, 

bnid ^ suturing of the mesh in place a much easier procedure The 

aided wire is as easy to handle as silk or catgut. 

le hrst of the patients here reported was operated upon 18 months ago, 


1081 



AMOS R KOONTZ 


Annals of ‘^urnerv 
Annals of Surgery 



Fig 6 — Technic of suturing tantalum mesh m place 


and the most recent one only 2 months ago All of these patients have recently 
been examined personally by me, and all so far show excellent results Also, 
all of them are delighted with the excellent results obtained, so far as their 
personal comfort is concerned We often overlook the fact that these patients 
suffer a great deal of discomfort, not only from the feeling of insecurity occa- 
sioned by the defect in the abdominal wall and the dragging down sensation 
associated with it, but also from nausea and other disagreeable symptoms 
The second patient in the present series was so miserable that he had contem- 
plated suicide, because a previous attempt to cure his hernia had been unsuc- 
cessful, and he felt that there was no lelief from his discomfort Life is now 
again a pleasure for him The first patient in the series had had two unsuc- 
cessful attempts to repair her hernia, and she is equally delighted with 
the outcome 
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Fig 7 — ^X-ray of Case 5 five weeks after operation, showing the implanted 
piece of tantalum gauze to be intact 


The appearance of the tantalum gauze by x-ray has been studied m two 
cases Figures 7 and 8 show the x-rays of these two cases (Cases 2 and 5), 
one taken five weeks after the operation and the other 1 1 months after opei a- 
tion It will be noted that m the case recently operated upon (Case 5 — Fig 7), 
the mesh is intact, while m that operated upon 11 months prior to x-ray 
(Case 2 — Fig 8) there is a good deal of fragmentation of the mesh This 
fragmentation, which occurred in the second case (discussed m the preceding 
paragraph), has not in any way interfered with the strength of the repair 
The patients, in general, are unaware of the presence of the mesh The 
stiength of the repair is not due to the mesh itself, but to the fibrous tissues 
built up through and around it, which form -^very strong abdominal wall 
I have often wondered what another surgeon, subsequently doing a lapa- 
rotomy on one of these patients, would think when he had encountered wire 
screening m the belly wall of his patient It might be wise for the patient to 
tell any subsequent surgeon about the type of hernia repair he had had. The 
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material, however, would offer no leal obstacle to a subsequent laparotomy, 
as It IS readily cut through with scissors 

COMMENT 

The early results with the use of this material, both experimentally and 
clinically, are such as to fill this writer with enthusiasm There have been 
no untoward side effects m any of the cases, except that m the first case 



Fig 8 — ^X-ray of Case 2 eleven months after operation Note the partial 
fragmentation of the tantalum mesh 


Operated upon there was a collection of sterile fluid m the lower end of the 
wound This was aspirated and did not recur None of the other cases had it 
I believe that the collection of fluid was probably due to a dead space left at 
the time of operation This should be avoided There have been no infections 
in this small series, and there has been no untoward tissue reaction, either 
experimentally or clinically 

In operabng on these cases, the tantalum mesh should be covered by skin 
that has enough subcutaneous tissue under it to prevent the palpation of the 
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mesh thiough the skin. Very often the subcutaneous tissue is very much 
ihinned out over the hernia, and m places is entirely absent, the pentoneun 
being adherent to the skin itself. In these cases, howevei, theie is generally 
enough redundant skin to permit lesection back to skin that has underlying 
cutaneous tissue If necessaiy, flaps can be mobilized by undercutting, and 
bi ought together over the implanted tantalum mesh 

CONCLUSION 

A limited experience with the use of tantalum mesh in the lepair of large 
and difficult vential hennas leads to the belief that it will prove a most valu- 
able material in the cure of this difficult condition 
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Discussion — Dr J M T Finney, Jr, Baltimore I cannot let this go by 
without giving a personal word of thanks to Amos Koontz for his interest m this 
problem of bad herniae His experimental work in the healing of tissues after operative 
repair is classic As you all know, he has been interested for many years in repair of 
difficult herniae, and anyone who does surgery knows such repair can be most difficult, 
particularly if there have been thiee or four previous operations to mess things up He 
gave us preserved fascia and now this mesh The coordinating clinical work is some- 
thing for which we all, as operating surgeons, should be eternally grateful I have not 
used the mesh yet, but if I run into any problems like those he showed on the screen, 
I shall certainly be glad to have him tell me how to handle them 


Dr William H Prioleau, Charleston, S C With Dr Finney, I would like to 
commend Dr Koontz for his continued pioneer work In this field It appears that the 
use of tantalum mesh will prove to be a solution m the repair of a large number of 
ventral herniae We are familiar with the value of alloy steel wire in the closure of 
grossly contaminated and even infected abdominal incisions In such cases the wire is 
well tolerated by the tissues It is seldom extruded or causes a persistency of the 
infection with sinus formation, as is so commonly the case with silk and cotton It would 
be of interest and utmost importance to know how tantalum mesh would behave under 
such conditions Would it be tolerated and serve as an effective support to the wound, 
or would it have to be removed^ If well tolerated m the presence of infection and 
contamination, its field of usefulness will be greatly increased 


Dr Amos R Koontz, Baltimore (closing) I 
and Dr Prioleau for their discussions, and also Dr 
regard to trying out tantalum gauze m infected areas 
on this when I get back 


want to thank both Dr Finney 
Prioleau for his suggestion with 
I shall certainly follow through 
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PERINEAL HERNIA* 

Report of a Case Occurring in a Male 

Thomas Habbold 
Macon, Ga 

Except tor the comiionplace cystocele and rectocele and the less 
common enterocele which aie seen in women following the trauma of child- 
birth, henna through the pelvic floor in either sex is quite laie and excessively 
rare in the male I wish to report a spontaneous levator or perineal hernia 
occurring in a man with no histor}'- of tiauma 

In 1922 Chase’^ suggested the name of levator heinia and offered a simple 
classification of these herniae 
Levator Hernia 

1 Congenital 

a Pudendal 
b Perineal 
c Mixed 

2 Acquiied 

a Pudendal 
b Pei meal 
c Mixed 

Yeomans-' ^ and othei s have called attention to the weak spot in the perineal 
floor at the point of junction of the iliococcygeus and the pubococcygeus 
muscles It is thought that most levatoi herniae break through at this point, 
although they may occur through ally portion of the levator muscle Having 
passed through the levator muscle, further descent must be either -anterior 
or posterior to the transversus perinei muscle and thence into the subcutaneous 
tissue of the vulva or perineum The anteiior space in the male is filled quite 
solidly with the prostate and is not subjected to the various injuries and acci- 
dents of childbirth, therefore antei lor levator or pudendal hernia is rare m the 
male and some authors state that it does not occur The most vulnerable spot in 
the male perineum is posterioi to the transversus muscle in the pararectal or 
ischio-rectal region where, even in the normal peimeum, there is a surprisingly 
strong impulse on coughing 

Pudendal hernia is very difficult to repair but several successful cases are 
reported 

Considering the degree of trauma involved, peiineal hernia following 
abdomino-permeal resection of the recto-sigmoid is surprisingly rare and 
constitutes a special group not considered in this paper 

In 1918 Moschowitz^ reported a case of perineal heinia and collected a 
total of 28 cases, some of doubtful authenticity, in a review of the world 
literature prior to that time Only 3 cases in males were found 1 Thomas 
in 1897 reported a perineal hernia -which appeared suddenly in a man, aged 62, 

’’■Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Thursday, December 11, 1947 
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THOMAS HARROLD 


Annals of Surgery 
Mai 1918 


Matlieson^ in 1943 reported a case of sarcoma originating in the pelvis 
which extended through the pelvic floor and presented in the perineum 
There was an impulse on coughing and other signs simulating perineal hernia 
He refers to a similar case of myxoma presenting in the perineum and re- 
ported by McGavin Strange® in 1935 reported a large perineal hernia in a 
man aged 64 which followed seveie trauma at the age of 16 No attempt 



Fig 2 MUSCLES OF THE MALE PERINEUM (Spalteholz) 

The arrow shows the point of emergence of perineal hernia in the male posterior 
to the transversus perinei muscle Note how the space anterior to this muscle is filled 
by prostate and bulbus cavernosus of the penis thereby preventing pudendal hernia 


at repair was made Roentgen-ray did not reveal bowel m the sac There was 
typical impulse on coughing 

Treatment of pudendal and perineal hernia has always been most difficult 
and unsatisfactory Successful repair done through the perineum and also 
through the abdominal approach has been reported Pudendal herniae have 
usually required a combined approach done in one or more stages, with some 
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Anna's of Surge’" 
Mar 1 9 4 * 


comfort m the region of the rectum The discomfort was not relieved by the treatment 
The patient has always been of a nervous temperament but has had no serious illnesses 
or accidents His occupation of collecting installment accounts consists of calling from 
house to house and being in and out of an automobile and walking all day 

Piesent illness — The patient could not date the onset of his present disability 
accurately, but for about a year he had noticed a vague discomfort in the region of the 
rectum and for several months he had thought that there was a swelling to the left of 
the rectum He stated that this swelling was not present all of the time, and that other 
doctors who had examined him had not found it The discomfort gradually increased 
over a period of months and recently he has been carrying a soft cushion to church and 
other places where he expected to sit for any length of time He developed a chronic 
low backache with some pain going down his legs Recently he has been unable to do a 
full day’s work and frequency has to go home and rest There has been no fever and 
no abscess in this region 

Physical eiamiation — The patient is a rather small, slightly built man who appeared 
to be rather highstrung and worried His general physical examination was essentially 
negative except for the perineal region When standing, there was a noticeable asymmetry 
of the buttocks with obvious fullness in the region of the left ischial tuberosity This 
swelling disappeared almost completely when he lay down There was no inflammation 
and no tenderness on palpation but manipulation of the swollen area caused moderate 
discomfort There was a marked hernial impulse on coughing when standing or 
lying No gurgling or gas was present The hernial mass was soft and easily reducible 
The mass apparently descended quite close to the lateral rectal wall, and a slight 
impulse on coughing could be felt through the rectal wall 

Roentgen-ray examination with barium given by mouth and by enema failed to 
show any intestinal loops in the left ischio-rectal space 

Cystoscopic examination showed no abnormality of the lower urinary tract 
Operation — September 18, 1947 Pentothal anesthesia With the patient in Sims’ 
position, a curved para-rectal incision over tlie left ischial tuberosity and buttock was 
made The rectum was retracted medially The ischio-rectal space was occupied by a 
fibrous mass about 3x8 centimeters in size This mass was quite soft and cellular 
and, upon further dissection, was found to be firmly attached to the peritoneum This 
mass could be easily displaced upward retroperitoneally into the hollow of the sacrum 
When it descended into the ischio-rectal fossa, it pulled down with it a hernial pouch 
of peritoneum about 15x5 centimeters in size This hernial mass emerged from the 
pelvis through a defect in the posterior portion of the levator muscle which was greatly 
attenuated and scarcely recognizable as such 

The fibromatous mass was enucleated without difficulty and was excised together 
with the hernial sac The neck of the sac was closed at a high level with mattress 
sutures of atraumatic chromic catgut The defects m the levator muscle and pelvic 
fascia were closed without tension with chromatic catgut These tissues were of poor 
quality Use of a flap of gluteus muscle was considered but not used The wound was 
closed with only one small Penrose dram which was removed m 24 hours 
The pathologist reported the fibrous mass to be a “fibrous hemangioma " 

The postoperative course was uneventful The wound healed per primum and 
now, two months later, there is no evidence of recurrence 

COMMENT 

Aside from the larity of a perineal hernia in a male, one other point seems 
to be of more than passing interest In five out of eight cases of perineal 
herniae (six male cases collected from the literature, my own case and one 
case 111 a girl aged 2^4 years) a tumor was present m the hernial mass In 
one instance the tumor was malignant, m the other four it was benign In 
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these cases m which tumors weie piesent no loops of bowel were found in 
the hernial masses Theiefoie, it seems likely that m approximately one-half 
of all tiue pel meal heiniae a letiopeiitoneal tumor is present and forms 
the wedge which penetiates the pelvic floor and incidentally drags the peri- 
toneum down with it 

SUMMARY 

A case of spontaneous peiineal heinia in a man, complicated by a benign 
letiopentoneal fibrous hemangioma, with repair of the hernia, is reported. 
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Dr T C Davison, Atlanta, Ga I have never seen such a case as Dr Harrold has 
described, but in looking at the picture he has shown I can realize the possibilities It 
reminds me of a story I heard many years ago A young doctor having located in a 
small community was called to see a prominent citizen who had a strangulated hernia, 
and he advised immediate operation There was a much older doctor m the community 
in whom everyone had a great deal of confidence, and the patient’s family insisted upon 
having him in consultation When the elderly doctor arrived and examined the patient, 
he said — “I have seen many such cases, it is nothing but a ivind cyst and when you 
stick a knife into it you get nothing but wind and feces, and they all die ” 


NOTICE 


The follozvmg siaiement is published at the lequest of Dr Donald E Barker 
iohose at tide on “Nezv Donoi Aieas in Skin Giafting" appeared in the March issue 
of the annals OF SURGERY 


The Dermatome shown in the March issue of the ANNALS OF SURGERY, 
under the heading of “New Donor Areas in Skin Grafting, is an experimental model, 
^anufactured with the permission of Mr George Hood, owner of the patent on the 
a gett-Hood Dermatome Anyone desiring to purchase a Dermatome should con- 
act the Kansas City Assemblage Company, Kansas City, Missouri, who are the sole 
luanufacturers of the Padgett-Hood Dermatome" 
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THE MANAGEMENT OF PENETRATING ABDOMINAL INJURIES* 
Gomparative Military and Givilian Expeiiences 

David Henry Poer, M D 
Atlanta, Ga 

FROM THE DEPARTMET OF SURGERT , EMORY UMVERSITY SCHOOL OF MEDICINE ATLANTA, GA 

HISTORICAL NOTE 

The earliest reference in the literature to an abdominal wound is 
appaiently m the Anabasis/ in which Xenophon described the plight of a 
Greek aini}' captain who returned to his camp literally holding his hovels in 
his hands aftei an eviscerating wound of the abdomen It was not until 1853, 
howevei, during the Crimean War, that any foim of surgical intervention was 
recommended for such injuries Then Ban dens- suggested that m suspected 
internal mjuiies a small abdominal incision should be made, through which 
a sponge could be introduced, if the sponge returned bloody, the abdomen 
could be opened and the bleeding vessel ligated 

During the War between the States many surgeons on both sides spoke 
in favor of surgical intervention for abdominal injuries, but no one, so far as 
IS known, acted on the advice Available records, including one series of 
3,690 cases,® indicate that in that war the mortality of this type of injury was 
90 per cent and more In the years following the war civilian surgeons also 
advocated operation for abdominal injuries, but actually surgery did not then 
have a great deal to offer The lack of a satisfactory anesthetic agent and 
the hazards of all simgery m the pre-Listerian ei a meant that the patient who 
was not operated on had about as good a chance of recovery as the patient 
submitted to surgery The popular method of treatment therefore continued 
to be rest, starvation, and the administration of morphine 

After 1880 the voices favoring active intervention in abdominal injuries 
became louder Surgical and anesthetic technics, while still ciude by present- 
day standards, had so far advanced that laparotomy was not infrequently 
undertaken for abdominal and pelvic tumoi s, and there seemed no good reason 
why the same procedure should not be followed for the investigation and 
repair of visceral damage The death of President Garfield September 19, 
1881, from a pistol wound of the abdomen, did much to stimulate interest 
in active treatment for penetrating abdominal wounds, and the consensus 
of medical opinion was that he could have been saved by active surgical 
intervention 

In 1882 J Marion Sims^ wrote “ there is no more danger of a man’s 
dying of a gunshot or other wound of the peritoneal cavity, properly treated, 
than there is of a woman dying of an ovariotomy, properly performed ” 

By 1887 Parkes® was able to write “ there are few modem surgeons, 
who, when confronted with a bullet wound of the abdominal walls would 
explore the cavity One is almost tempted to say that all cases are entitled to 

’’■Read before the Southern Surgical Association at Hollywood Beach, Florida, 
Thursday, December 11, 1947 
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the chance of life offered thiough opeiative procedure . . However, if the 
abdominal wound is complicated oi severe . or so great a time has elapsed 
as to allow . virulent inflammation, the probability is that the issue will 
be fatal ” 

Thereafter surgical intervention was accepted as the better form of treat- 
ment Many surgeons began to operate for abdominal injuries, and the results 
weie fiequently encouraging Coley in 1891® reported a moitality of 67 per 
cent in a senes of 165 abdominal injuries and Fenner in 1901,'’' in leporting 
a mortality of 59 per cent m 152 penetrating abdominal wounds, remarked, 

. despite the high mortality, I still think the indication foi opeiation is 
pretty geneially accepted the world over.” 

These results, indeed, compaied favorably with the mortality of 81 per 
cent in the 4,958 collected cases reported by Stimson in 1889,® m all of which 
nonsurgical measures had been employed, and with the mortality of 90 per 
cent for abdominal injuries m the Spanish-American War In the Boer War, 
at the turn of the century, the results were not much better, but there were 
certain reasons why surgeons could not then resort to operation Distances 
were great The heat was a serious problem The supply of water was limited 
and usually contaminated Transportation was slow and difficult All of 
these factors were so serious in themselves, or so prolonged the time interval, 
that operation under the circumstances offered little more hope for recovery 
than did expectant treatment 

The point of view concerning abdominal injuries which prevailed during 
the South African War also prevailed early m World War I It was not 
considered piactical, under conditions of war, to set up field hospitals close 
enough to the line of battle to receive patients within the time interval required 
for successful abdominal surgery This reasoning must be evaluated before 
it is condemned m light of the fact that many ambulances were still horse- 
drawn and that the motorization of vehicles of war was in its infancy More- 
over, the military authorities were severely objective m their planning A 
battle casualty with an abdominal wound was regarded as having almost as 
little chance of survival as if he had been killed instantly, and the effort and 

equipment necessary to save the few who might survive were not considered 
justified 

Makins,^ who led the group of military surgeons committed to the policy 
of nonintervention in abdominal injuries, expressed the viewpoint of all mili- 
tary surgeons when he said “ small gut lesions were practically always 
fatal, and . the success obtained by the ‘wait and see’ policy was due to the 
escape of the bowel, although the belly had been penetrated ” 

The policy of expectant treatment for abdominal injuries did not, however, 
remain entirely unchallenged in World War I An occasional civilian surgeon, 
newly in uniform, insisted upon prompt surgical intervention The first opera- 
ion for a penetrating wound of the abdomen m that war seems to have been 

one in December, 1914, by Captain John CampbelF® of Liverpool, who 
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successfully repaired two perforating bullet wounds of the stomach Three 
months later Captain Owen Richard^® successfully resected 6 feet of ileum 
Other surgeons advocated similar methods, and a gratifying, though small, 
reduction in mortality resulted Wallace’-^ reported 1,200 cases treated by 
surger}^ with a mortality of 53 9 per cent, and Lockwood and Kennedy^^ 
reported 500 cases, with a moitahty of 51 7 per cent 

In the decade following World War I the civilian statistics for penetrating 
abdominal injuries showed no significant improvement over earlier statistics 
Mortalities of 48 2 per cent, 59 2 per cent, 61 4 per cent and 68 per cent ^^ere 
reported, respectively, by Billings and Walkmg,’^®, McGowan, Oberhelman, 
LeCount,^^ and Prey and Foster’-® The mortality in the 1,299 cases reported 
by Loria’’^ from Charity Hospital of Louisiana at New Orleans for the period 
1901-1930 was 62 3 per cent 

Between 1930 and 1942, however, three highly significant developments 
exerted a profound effect on the management of abdominal injuries 1 A 
better appreciation of the fundamental pathology and pathogenesis of shock 
made possible an accurate estimation of the degree, as well as the prompt 
application of effective treatment before irreversible changes occurred 2 A 
fuller knowledge of the protein and electrolvtic constituents of the body made 
possible the correction of deficits in these constituents at the same time that 
more obvious blood loss vas corrected 3 Effective chemotherapeutics and 
antibiotics were introduced and their employment was put upon a rational 
basis, with the result that infection, as manifested by peritonitis, cellulitis and 
pneumonia, was no longer an uncontrollable problem in the management of 
abdominal injuries 

Even with these new developments, however, the moitahty of abdominal 
injuries in civilian practice, except for small series of selected cases reported 
by single surgeons, remained extremely high Rippy’® in 1941 reported 369 
cases treated over a 17-year period, with a mortality of 60 5 per cent , a hopeful 
feature was that in the 29 cases treated in 1940 the mortality had been lowered 
to 41 3 per cent In 1943 Hamilton and Duncan’® leported 190 cases of 
gunshot wounds treated over a 10^-yeai period with a mortality of 51 per 
cent , in the cases in which surgery was done the mortality was 48 9 per cent 
In the same year Elkin and Ward'’ reported 238 abdominal injuries with a 
mortality of 50 9 per cent Two series of cases reported about this time from 
Harlem Hospital®® showed a slight increase in mortality of the second series, 
from 59 3 to 62 6 per cent, but this experience, fortunately, was not indicative 
of the general trend 

PRINCIPLES OF MANAGEMENT OF WORLD W'AR II 

During the first years of World War II reports from Biitish surgeons in 
the field showed no great improvement oier World War I in the mortality 
of abdominal injuries which remained in the neighborhood of 60 to 70®’ per 
cent On the other hand, these statistics were far more accurate than the 
statistics of World War I which usually did not take into account deaths 
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from shock and hemorrhage on the battlefield and which were actually some- 
what higher than they seemed In World War II the excellent system of 
evacuation lesulted in the admission to field hospitals, and therefore to the 
benefits of suigeiy, of many men who in World War I would have died on 
the battlefield Theie weie also extenuating circumstances As in the Boer 
Wai, transpoitation of the wounded over the desert areas of North Afiica 
cvas difficult and hazardous, and the long supply lines, over which even water 
had to be bi ought, introduced difficulties that fiequently were insuperable 
To the Cl edit of the suigeons who cairied on undei such tremendous handi- 
caps It must be said that their results showed a piogiessive improvement and, 
as the war progiessed, the surgical moitality for abdominal mjuiies in the 
North African Theater compared favorably with that of any other gioup 

By the time American Annies entered combat late m 1942, the manage- 
ment of abdominal injuries was fairly well standardized It called for medical 
aid at the earliest possible moment, though first aid, it is true, was frequently 
limited merely to the administration of morphine, the application of sulfa 
crystals to the wound (a practice later discarded), and the application of sterile 
gauze pads Whenever possible, plasma or whole blood was given before the 
patient reached the first medical installation 

The policy of surgery for abdominal injuries had become generally accepted 
by the time American Armies entered combat, and certain lessons concerning 
their management had also been learned One was that while prompt opei ation 
was desirable, movement to installations m the rear, where surgery could be 
done, was necessarily slow under military conditions The solution of this 
problem was the establishment of field hospitals far forward m the combat 
zone These hospitals were equipped with surgical supplies and were staffed 
with competent surgical personnel, so that shock could be treated adequately 
and extensive surgical procedures of urgent character could be performed on 
any part of the body 

A second lesson which was learned early in the war was that casualties 
With abdominal injuries did not tolerate eaily transportation after operation 
Field hospitals were therefore equipped and staffed to hold such patients for 
at least 10 days after surgery, and longer if necessary, and an important factor 
in the earlier mortality of abdominal injuries was thus practically eliminated 
A third lesson of the eai ly days of the war was a realization of the impor- 
tance of triage at the level of the clearing station The choice of the right 
time for surgery on the right patient must be credited with a large portion 
of the salvage of casualties which distinguished World War II 

In contrast to earlier practice, no wounded soldier m World War II was 
01 er denied the possible benefits of surgery because his condition was regarded 
ah hopeless If he could be brought to the operating room 

inc^ ^ given whatever chance he might have In general, this policy 
surgical mortality, because in many instances such patients died 
le operating table or within a few hours after operation On the other 
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hand, the almost miraculous recoveries which sometimes occurred were full 
justification for it 

RESUSCITATION 

The time interval between wounding and operation was kept at an aston- 
ishingly low level, the average being 10 to 12 hours, but the brief lapse was 
not regarded as the most important consideration in the management of 
abdominal injuries Patients with active, massive hemorrhage were operated 
on as promptly as possible, but m the absence of such bleeding, time was 
deliberately taken to administer blood, plasma and electrolytes according to 
the indications of the special case During this interval dirty battlefield cloth- 
ing was removed, body heat was restored, sedatives were administered, and 
such diagnostic procedures were carried out as would deteimme accurately the 
location and extent of the abdominal injuries The special shock teams respon- 
sible for resuscitation pla)’^ed a major role m the i eduction of the moitahty of 
abdominal injuries in World War II 


TECHNICAL CONSIDERATIONS 

All the important technical points m the management of abdominal injuries 
have been described numerous times and need not be repeated in any detail 
Operations were performed expeditiously according to a definite plan, which 
reduced the percentage of error and the working time to a minimum Shock 
therapy was continued throughout the procedure and until all danger of 
hemorrhage and peritonitis had passed 

The management of wounds of the colon and rectum, however, provided 
one of the outstanding contributions of military surgery in W orld War II The 
basic principles of therapy were ( 1 ) routine exteriorization of the traumatized 
bowel whenever it could be sufficient!)’’ mobilized to bring it outside of the 
abdomen, and (2), the subsequent use of the segment as a colostomy When 
mobilization was not possible, proximal loop colostomy was employed No 
attempt was ever made to repair simple perforations of the colon, and resec- 
tion was regarded as preferable if the damage was extensive Resection was 
the method of choice for the treatment of injuries of the right side of the colon, 
especially if the terminal ileum was also damaged 

Injuries of the extraperitoneal portion of the colon and of the rectum 
were never left untreated, no matter how inconsequential they might seem 
Infected fistulas which followed improper treatment were particularly serious 
if the pelvic bones had been damaged , osteomyelitis was then an almost inevi- 
table consequence The lesson was finally learned that complete diversion of 
the fecal stream was essential in all injuries of these portions of the large 
bowel, and it was also found that this could be accomplished only by some 
method which separated the colonic stoma or which closed the opening in the 
distal loop, or by providing a second colostomy m the proximal (transverse) 
loop of colon 

Colostomy had been suggested as a method of treating injuries of the colon 
in World War I but seems not to have been used except in the most serious 
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cases The result was that the method was in ill repute even before it had had 
a fair trial In the mteival between the wars, civilian surgeons frequently 
brought certain tumois of the bowel outside of the abdominal cavity and 
created a spur colostomy, which required crushing at a later date to reestablish 
continuity of the bowel The same procedure was obviously adapted to mili- 
tary usage, and the military surgeons of World War II were in a receptive 
mood for it, in view of the extremely high mortality which other methods of 
treatment had previously accomplished It is to the Suigical Consultant of 
the British Army, Sir H G Ogilvie,^^ that the chief credit is due for insisting 
upon routine exteriorization of the wounded colon with colostomy, as well as 
the use of colostomy for all injuries of the rectum and extraperitoneal colon 
These methods were found highly effective m the ti eatment of casualties of the 
first air raids over England, and they were carried over into the North African 
and Mediterranean Theaters by the British mihtaiy surgeons, American sur- 
geons used the same methods without, however, knowledge of the British 
practice, from the time of the first landings in Noith Africa in November, 
1942, and they were soon thereafter made the official pi actice 

Colostomies were usually closed in the general hospitals of the Zone of 
Interior The operation was at first undertaken with a good deal of timidity, 
for military surgery is not civilian surgery and there was justifiable doubt 
as to how the stoma had been created, a doubt which the information on field 
medical cards did relatively little to dispel At first spurs were crushed outside 
of the peritoneum, as in civilian practice, but the results were not good Many 
times the spur was short and inadequate and sometimes it was non-existent 
The application of a clamp or enterotome was therefore dangerous as well as 
painful Moreover, rotation of the loops, sometimes for as much as 180®, was 
often noted, and mesentery and loops of intact bowel were often found inter- 
posed between the colostomy loops Hemorrhage and necrosis of the bowel wall 
also occurred 

Extraperitoneal closure of a colostomy created under battle conditions 
was obviously not parallel to closure of a colostomy created under civilian 
conditions, but originally there was doubt as to the safety of the intraperitoneal 
technic As experience accumulated, however, it became evident that this tech- 
nic was considerably less dangerous than the more or bless blind extraperi- 
toneal technic Apparently the peritoneal cavity could be entered with impu- 
^hy, probably because the peritoneal tissues had been vaccinated against 
infection by the reaction which occurred following injury During the latter 
part of the war, therefore, it became routine to open the peritoneum widely, 
release adhesions, repair the bowel by an end-to-end or lateral anastomosis, 
and replace the colon into its normal position The results were uniformly 

pod Complications n ere few, and the mortality m some series of cases was 
less than 0 5 per cent 

MORTALITY 

The principal causes of death m abdominal injuries were shock, hemorrhage, 
peritonitis and pulmonary complications, in that order of frequency As 
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Ogilvie^^ well expiessed it, deaths which occurred in the first two hours after 
wounding were due to hemorrhage, in the first two days to shock, and in the 
first two weeks to infection The majority of deaths occurred within 48 hours 
of wounding, and it was soon evident that patients who could not be brought 
into field hospitals within that period had very little chance of recovery On 
the other hand, while the time factor was important, the so-called multiplicity 
factor was found to be even more important A patient’s chance of survival 
depended upon the numbei of oigans injured, the mortality using progres- 
sively as the number of injured viscera increased 

Less frequent causes of death included ileus, thrombo-embohsm, intestinal 
obstruction, chronic, sepsis, lung abscess, liver abscess, subphrenic abscess, gas 
bacillus infection, hemopneumothorax and meningitis All these complications 
were managed by the methods usually employed in civilian practice 

The Second Auxiliary Surgical Group, which saw active service in Italy, 
France and Germany, treated more than 3,500 abdominal wounds with a gross 
mortality for the surgical cases of 25 5 per cent From the 38th Evacuation 
Hospital, which also saw active service, Imes^^ recorded a mortality of 20 per 
cent for 358 abdominal injuries treated surgically Bradford and Campbell”® 
reported a mortality of 16 7 per cent for 443 operations, while Rohlf and 
Snyder^® recorded the extraordinarily low mortality of 119 per cent in 
67 cases 

THE APPLICATION OF MILITARY EXPERIENCES TO CIVILIAN SURGERY 

The military experiences of World War II proved clearly that the mortality 
of penetrating wounds of the abdomen can be lowered drastically by proper 
surgical procedures Theie seems no reason why similarly good results should 
not be achieved in civilian surgery for the same conditions It is true that in 
the Army, surgeons were dealing with young, healthy adults, in the prime of 
physical condition, though that advantage was frequently offset by the fact 
that the men were tired, often to the point of exhaustion, that they were dirt>, 
that in some instances they had not bathed for weeks, that they were likely 
to be dehydrated, and that frequently they were none too well nourished 
because they had lived on limited rations, sometimes for long periods of time 
Moreover, many other circumstances were unfavorable, including difficulties of 
transportation, often under enemy fire, hospitals that, however well equipped, 
were necessarily makeshift, and personnel that was frequently in short supply 
An analysis of abdominal injuries in civilian practice reveals, on the other 
hand, numerous favorable factors Most patients who suffer this type of injury 
are young adults, who are seldom more than 40 years of age The}’- are likely 
to be physically active They live in city districts, where ambulance service 
IS prompt, hospitals are near at hand, and medical supplies and personnel 
are plentiful 

That a gratifying decrease in the mortality of abdominal injuries can be 
achieved in civilian practice has already been demonstrated In 1944 Sloan^^ 
reported from the Johns Hopkins Hospital a mortality of 14 3 per cent in a 
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j^umber 5 

senes of 59 cases treated after 1939, when the plan of treatment was changed 
and when, in particular, transfusion was used fiequently and chemotherapy 
was employed routinely In 1947, at Grady hospital in Atlanta 62 cases of 
perforating rifle- and pistol-shot wounds were treated surgically with only 
11 deaths, 17 7 per cent^® Theie seems to be no good reason why similar 
or better results should not become the rule 

CONCLUSION 

The results achieved m abdominal injuries in World War II have never 
been surpassed m the history of surgery and have been equalled only m small 
series of selected cases treated by highly skilled surgeons There is ample 
credit for all who participated m this achievement, but the young men who 
pei formed the bulk of the operations deserve the bulk of the credit The skilful 
surgical technic and the brilliant surgical judgment exercised b}'^ them at 
the operating table established for all time the value of the residency system 
IV Inch had come to full flower between the wars It was here that these young 
men demonstrated how well they had learned the lessons which they had 
been taught 

Gordon-Taylor,"^ whose experience m World Wais I and II probably sur- 
passes the military experience of any living surgeon, paid them a tribute 
with which I might well conclude this paper 

Ideals may be for pursuit and not for attainment, but he would be bold 
indeed who ventured to foretell that in this province of surgery the zenith of 
our achievement has vet been attained , already, indeed, the recovery-i ate in 
the hands of a few individual surgeons, whom Luck has perhaps brushed with 
her wings, or who may have been blessed m the matter of environment or 
fortunate in other ways, has been of almost astronomical magnitude There is 
much, therefore, to substantiate the claim of the young surgeon that in the 
treatment of abdominal casualties of war he has surpassed his teachers and 
the previous generation of war surgeons 

Made viitute, puer. esto Sic itw ad asfia 
W ell done, young man That is the zvay to glory 
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Discussion — Dr Pat R Imps, Louisville, Ky As Dr Poer indicated, the 
greatest mortality factor in abdominal injuries in World War II was shock Because of 
its importance and frequency in such injuries, the greatest benefit resulted from readily 
available whole blood which the Services piovided for their care I believe such avail- 
ability of blood in civilian practice will show comparable improvement in the results 
A review of the records of 53 patients admitted to the Louisville General Hospital 
because of abdominal trauma during 1946 showed that there were 15 deaths, two before 
surgery, five on the operating table and five within 24 hours following the operative 
procedure I feel that these 12 of the 15 deaths might be attributed directly to the 
presence of shock I also found that, in spite of our war experience, we were utilizing 
an average of 625 cc of blood preoperatively and during the operative procedures, an 
obviously inadequate amount 

Regarding the polic> of exteriorization of colonic wounds, there was not uniform 
agreement on this subject during the war I did not feel that it should be practiced 
routinely and some of the British toward the end of the war likewise indicated their 
preference for primary closure m selected cases On reviewing our experience in the 
Mediterranean theater, we were able to collect 168 cases who had primary suture of the 
colonic injury with a mortality rate of 24 per cent, which not only compared very 
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favorably with that following exteriorization (35 per cent in 945 collected cases), but 
effected a greatly improved morbidity record 

Dr Amos R Koontz, Baltimore I would like to cite one instance of what an 
enterprising doctor can do under adverse circumstances, and without the benefit of mod- 
ern knowledge Dr Poer’s mention of the Gieek soldier coming m carrying his intestines 
in his apron, m the time of Agamemnon, reminded me of this Some years ago I had 
occasion to write a paper on traumatic rupture of the diaphragm, and m looking up the 
literature I came across Holmes’ System of Surgery in the Medical and Chirurgical 
Faculty Library in Baltimore This work comprised three volumes, and was published 
about 1870 The chapter on gunshot wounds was written by Di Hunter McGuire, who 
had been chief surgeon of the Second Corps of the Army of Northern Virginia, com- 
manded by Stonewall Jackson Dr McGuire probably at that time knew more about 
gunshot wounds than any other man living He had seen thousands of them m both 
Federal and Southern soldiers Dr McGuire made a reference to a case handled by two 
Doctors Amiss, which excited my curiosity, as I came from the same county in Virginia 
from which these doctors hailed The doctors were Drs Thomas B and William 
H Amiss Mr Fred Amiss, the son of Dr T B Amiss, was still living in Luray, Vir- 
ginia, so I wrote to him and asked if he knew anything about the case mentioned by 
Dr McGuire He wrote me substantially the following account of the incident 

Just after the battle of Cedar Mountain in 1862, Jackson’s corps was on the march 
along a country road covered with about six inches of dust The two Doctors Amiss, 
riding along this road, came across an officer lying beside the road Superficial exami- 
nation disclosed the fact that he had been disemboweled by a shell fragment, and his 
intestines were lying out on the ground, without any perforation, however Cavalry, 
infantry and artillery had been marching along this road, so that the intestines were 
covered with a very thick coating of dust One of the two doctors said to the other — 
“I reckon the only thing we can do with this fellow is to dig a hole and roll him into it ” 
The wounded officer, much to their surprise, was conscious, and replied as follows — “If 
you damned doctors would do something for me I would get well I had a hound dog 
who ran a mile once with his guts out I sewed him up and he got well I am as good 
as a hound dog, am I not^’’ The doctor then said — “This fellow is full of sand and grit 
in more ways than one, so we will see what we can do for him ’’ They then had him 
moved to a nearby farm house, where they made up some salt solution, washed off his 
intestines, put them back into the abdominal cavity, and sewed up the wound In three 
months the officer was back on active duty again The officer was Colonel Snowden 
Andrews, of Baltimore, and the incident is briefly referred to in a footnote in one of 
the three volumes of Lee’s Lieutenants, by Dr Douglas Freeman 

Mr Guy Blackburn, Guy’s Hospital, London, England I am very much interested 
m the subject of this paper, and would like to congratulate Dr Imes on his contribution 
It takes me back to a Surgical Conference held in Rome in 1944, attended by British and 
American surgeons in the Mediterranean theatre, and presided over by Colonel Churchill 
Wounds of the colon formed one topic of discussion, and one surgeon after another gradu- 
ally confessed to intraperitoneal suture without exteriorization At this time this was 
regarded by those in authority as unwise, but experience showed that it was safe in 
properly selected cases For my own part I found exteriorization of the right side of the 
colon very unsatisfactory indeed, and went to any length to avoid it 

Like the other speakers, I have seen eventration of abdominal viscera, but I believe 
It to be prognostically of good significance If viscera are immediately protruded and 
cannot be reduced spontaneously, it implies that the wound of entry is a small one It is 
commonplace too that the intestinal damage m these cases is nearly always in the 
extruded gut without any intraperitoneal injury Resection is usually necessary but 
results justified it 

Lastly, I should like to say one word about figures, and the folly of trying to com- 
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pare them in the two World Wars Circumstances were so different, the types of wounds 
were quite different, the missiles were not the same The principle was also recognized 
of bringing the surgeon to the wounded man, and not the wounded man to the surgeon 
Operations, therefore, were done on the whole much earlier but not, I am sure, with any 
more technical skill Nobody publishes rejection rates, and mortality rates without them 
mean nothing Another factor, almost impossible to assess, is the interdependence of 
associated wounds, which account for as much as 15 per cent difference in complicated 
and uncomplicated abdominal injury 

I would end. Sir, by thanking you for your kindness in having me here, and 
Dr Blalock in particular for asking me to such a delightful meeting of the Southern 
Surgical Association 

Dr David Henry Poer, Atlanta, Ga (closing) I appreciate very much the remarks 
of all the discussers I am sure there are no real points of argument because the desire 
of all of us IS the same, viz , to continue our efforts to lower the morbidity and mortality 
of this common type of injury, both in civilian and military experience 

Our civilian experiences were carried into the army, and now we want to reverse the 
procedure and bring back the things we learned in the army to our civilian work In 
dealing with such a large number of cases many methods of treatment were carried out 
and we are now in a position to choose the ones that produced the best results 

I am familiar with Dr Imes’ experience in the 38th Evacuation Hospital where some 
primary sutures of colon injuries were done, and as mentioned by Mr Blackburn, other 
surgeons in the British Army did the^ same with good results, but I think on the whole 
that in dealing with such a large number of surgeons of varying ages, experience and 
judgment, it was better to follow the policy of exteriorization, and the over-all mortality 
figures prove that right Mr Blackburn’s comments regarding the advisability of doing 
a primary resection for injuries to the right colon are in agreement with our experiences 
In conclusion, I believe that the high mortality for perforating wounds of the abdo- 
men which exists in most of our large city hospitals today is due to the following factors 
(1) inadequate treatment of shock, not enough blood is given and treatment is not 
continued long enough after operation, (2) patients with active and profuse hemorrhage 
are treated for shock for too long before operation — operation must be started promptly 
in such patients, (3) chemotherapy is frequently inadequate, and (4) too much major 
surgery is put in the hands of a young and inexperienced house staff, with resulting 
prolongation of the operation and mistakes in judgment The cure for these is obvious 
and within the reach of all of us 
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NOTICE 

The Annals of Surgery takes pleasure in printing the progiam of the 
Second Annual Meeting of the Society for Vascular Surgery The objects 
of this society are to promote the study and research in vascular diseases, to 
define more clearly the role of surgery m these diseases, to pool the ex- 
perience and knowledge of its membership, to standardize nomenclature, to 
promote and encourage adequate teaching of these diseases to students, 
interns and residents, to encourage hospitals to develop special sections in 
vascular surgery and to provide special training for young surgeons inter- 
ested m this field Because of the recent rapid advances in this field, it is 
thought that many members of the surgical profession may be interested in 
attending the Meeting of this Society 

THE SOCIETY FOR VASCULAR SURGERY 
Second Annual Meeting 
Stevens’ Hotel, Chicago, Illinois 
Sunday, June 20, 1948 


MORNING SESSION 

1. Allen, Arthur, W. — President’s Address 

Present Evaluation of the Prophylaxis and Treatment of Venous Throm- 
bosis and Pulmonary Embolism 
2 Homans, John, 

The Management of Recovery from Venous Thrombosis m the Lower 
Limbs 

3. De Bakey, Michael E and Ochsner, Alton, 

Gangrene as a Complication of Thrombophlebitis Case Report and Review 
of the Literature 
4 Beck, Claude S 

Revascularization of the Heart 
5. de Takats, Geza, 

The Cortico-Adrenal Factor in Essential Hypertension 
6 Pearse, Herman, E. 

Cellulose and Cellophane Products in Vascular Surgery 

AFTERNOON SESSION 
1. Elkin, Daniel E. and (by invitation) Cooper, Frederick, W. Jr. 

Radioactive Isotopes m the Investigation of Vascular Disease 

2 Veal, J Ross. 

The Surgical Treatment of Hyperhidrosis 

3 Coller, Frederick and (by invitation) Campbell, Kenneth N., Harris, Bradley 
and Berry, Robert, E L 

An Evaluation of Lumbar Sympathectomy m Far Advanced Arteriosclerosis 
Obliterans 

4 Simthwick, Reginald H and (by invitation) Whitelaw, George P. 

The Effect of Sympathectomy upon Heart Rate and Possible Therapeutic 
Applications 
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5 Herman, Louis G and (by invitation) Buchman, Joseph A 

Complications Resulting from Injuries to Arteries 

6 Blakemore, Arthur H 

Portacaval Anastomosis for Portal Hypertension — Follow-up Results 

7 Gage, Mims 

Cardiac Decompensation Secondary to Arteriovenous Fistula with Report of 
Two cases 

8 Freeman, Norman E 

A Technique for Division and Suture of the Patent Ductus Arteriosis in 
the Older Age Group 

9 Linton, Robert R 

The Arteriosclerotic Popliteal Aneurysm Treatment by Sj’'mpathectomy 
and Aneurysmectomy 
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THE DEFINITION OF INOPERABILITY OF CANCER*^ 

George T Pack, M D 

FROM THE MEMORIAL HOSPITAL FOR CANCER AND ALLIED DISEASES 

New York, N Y 

The greatest margin for error in reporting the end-results of tieat- 
ment for cancer may be found m the classification by the reporter of a 
regional or histologic type of. cancer as operable or inoperable The difficulty 
in correcting this fault is apparent when one realizes that three variable factors 
interplay in the pronouncement of a given cancer as non-resectable by any 
surgeon, namely first, the condition of the patient as regards his age, the 
co-existence of degenerative diseases and the complications attendant on the 
presence of the cancel , second, the extent of the disease, meaning the degree 
of local or organic involvement, the specific organ or tissue implicated, the 
extension to and incorporation of neighboring viscera by the cancer and 
metastases to regional and distant sites, and third, the surgical philosophy, 
moral point of view, courage, and experience of the sui geon In a large group 
of patients with generalized bpne metastases, or diffuse involvement of lungs 
or liver, or peritoneal carcinosis or melanomatosis, the recognition and 
acceptance of inoperability is obvious to any physician But there are too 
numerous other instances in which the definition of inoperability may be 
subjected to careful evaluation, criticism, and even condemnation 

THE POINT OF VIEW OF THE SURGEON 

It IS not the purpose of the writer to formulate a set of rules governing the 
behavior of the surgeon in a given circumstance, but rather to present certain 
arguments for extending the scope of operability for cancer The very nature of 
this disease, the infirm and often aged patients m whom it so frequently de- 
velops, and the radical character of the numerous operations designed to combat 
>t, all conspire to make the surgical treatment of cancer a hazardous venture for 
the patient and often an ordeal for the surgeon With the knowledge of the 
inevitability of death from cancer that is not treated, it seems unnecessary to 
state that no surgeon would refuse a patient the slightest chance for cure or 

2 10 Section on Surgery of the New York Academy of Medicine, January 
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even relief because of a fear of criticism for failure or an unnatural pride 
in low figures for operative mortality Nor should any surgeon attempt to 
play God and decide arbitrarily that a certain cancer patient had lived a 
sufficiently long life or that he had so few remaining years of even normal 
life expectancy that operation at best would hardly be worth while We must 
take care in our weighty decisions concerning the denial or offering of a 
chance for life to a patient, that in our desire not to be the executioner, we 
achieve the same end-result by acting as an immoral judge For example, if 
called upon to operate for a ruptured duodenal ulcer on a condemned criminal 
awaiting electrocution in the death row, the surgeon by his calling and m 
keeping with the Hippocratic Oath, operates with the same skill and renders 
just as meticulous postoperative care as if his patient were to live forever 

INOPERABILITY AND INCURABILITY 

Many operations designed for the cure of cancer achieve in too many 
instances only a palliative end-result If inoperability were an absolute state, 
and not a variable one, dependent in some cases on the criteria of the surgeon, 
the term would be synonymous with incurability The unpredictable behavior 
of cancers and the immeasurable host resistance of organs and tissues to the 
growth of cancer combine in creating many intangible factors that make the 
early cancer occasionably incurable and the advanced cancer sometimes con- 
trollable Assuming that a given cancer is not suitable for radiation therapy, 
operative removal becomes the only recourse At the time of laparotomy, 
for example, a surgeon may be compelled to render judgment absolutely gov- 
erning the life of the individual, the decision necessitating a matter of a few 
minutes as compared to days and weeks of courtroom deliberation by judge 
and jury The closure of an abdominal wound on a cancer that is obviously 
hopeless is always done reluctantly, but the abandonment of an operation 
that IS of questionable accomplishment must plague the conscientious surgeon 
for many sleepless hours and is one of the many reasons why he remains 
forever humble He must worry whether his definition of inoperability is in 
his state of mind or moral courage or in the actual stage of the cancer An 
aggressive attack on cancers presenting almost insuperable technical difficul- 
ties will sometimes result in palliative relief and occasionally in cures, but 
with mounting operative fatalities Under these conditions, no one would 
impugn the good intent of the operator 

THE AGE or THE CANCER PATIENT 

One cannot become reconciled to the perverted point of view of some 
surgeons who are reluctant to operate on aged patients for major forms of 
cancer Minor cancers that run a chronic course may not endanger the life 
of the patient, but a major cancer should be removed regardless of the age 
of the patient, providing it is technically possible and his physical state is not 
too precarious The anatomic and physiologic age of the subject are infinitely 
more important than the chronologic age At times, it would seem wiser to 
leave the actual age off the chart or for the patient conveniently to forget the 
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number of years he has lived if the knowledge of age alone unfavorably 
influences the surgeon, the fitness for the surgical ordeal would then be 
rightly determined by the true condition of the patient as judged by physical 
examination and laboratory tests As examples, we have successfully per- 
formed hemi-colectomy for cancel of the cecum in two patients more than 80 
years of age, m one of whom the operation was done under local anesthesia 
because of intussusception of long duration A 92-year-old physician was 
cured of cancer about which he was genuinely concerned The proverbial 
three score years and ten, however collectively applied, do not concern us 
when we reach that age, because most of us, including patients, live from day 
to day and year to year as if we were immortal Some aged patients continue 
to possess a zest for life, and they merit every opportunity for cure or relief 
from otherwise fatal diseases that accidentally befall them , this is their privi- 
lege and their right regardless of advanced years just as their rights of 
franchise, speech and worship continue Rather than refuse to operate, the 
surgeon may justifiably modify or simplify the character of the operation, for 
example, do a simple mastectomy under local anesthesia for cancers of the 
breast that have appai ently not metastasized to the axilla 

THE CONDITION OF THE PATIENT 

For every argument advanced against the decision to operate on any 
given patient, the irrefutable defense or rebuttal is the inevitable fatality from 
the untreated cancer What would the surgeon do if confronted with an acute 
surgical emergency m the same patient, e g , a ruptured duodenal ulcer or 
gangrenous extremity'? A patient with cancer, who is gravely ill from the con- 
joined effects of the cancer and mtercurrent diseases, of course would receive 
medical consultation, careful deliberation concerning the choice of anesthesia 
and meticulous preoperative preparation The family should jointly assume 
with the surgeon the responsibility of undertaking to remove a major cancer 
m a patient who is a serious operative risk 

One illustrative case is that of an elderly woman, bedridden and almost 
helpless for years due to amyotrophic sclerosis, on whom a radical mastectomy 
was done This chronic invalid was a most cheerful individual and the 
nucleus of a happy home with husband and children even more affectionate 
and concerned about her recovery and cure than is ordinarily the case A 
70 year old woman, seriously handicapped by heart disease, underwent an 
almost total gastrectomy for a huge leiomyosarcoma of the stomach. The 
jejunum was anastomosed to only a rim of stomach below the cardia After 
a stormy convalescence, she recovered and now, 12 years later and 82 years 
old, IS living and well except for the necessity of supportive treatment for her 
heart. An elderly woman entered the Memorial Hospital with a leiomyosar- 
coma of the uterus so large that it filled the entire abdomen and extended up 
3s far as the epigastrium She was in severe heart failure, did not respond 
to medical treatment, and was classified as inoperable by cardiologists who 
warned us not to attempt any surgical procedure On the other hand, she 
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tvas cxpLiicnuiig huiioi i hages of inci casing seventy Because she eould not 
he recumbent, the opeiation was done in a modified Fowlei’s position, and 
under local anesthesia, an incision was made from the pubis almost to the 
ensiform cartilage A pan-hysterectomy was done under local anesthesia in- 
cluding a liberal vaginal cuff She \vas discharged from the hospital two 
weeks later with greatly improved cardiac compensation due, we thought, to 
the removal of this massive tumor 

THE STAGE AND EXTENT OF THE CANCER 

The inoperability of an abdominal cancer is unquestioned m the presence 
of extensive hepatic metastases or peritoneal carcinosis If a patient, on 
laparotomy, is found to have a few metastases m the liver without hepatic 
dysfunction or hard, irremovable retroperitoneal lymph nodes, one may still 
proceed with the removal of a cancer of the stomach, colon, or rectum, because 
experience has shown that gastric, colonic, or rectal resection is the best 
palliative measure for such cancers, though admittedly incurable Here again, 
clinical judgment must influence one’s decision, as nothing is gamed by 
enabling a patient to live longer and suffer more The measure of palliation 
accomplished by such resection is not necessarily the longer duration of life 
but the degree of freedom from distress A lobectomy for a solitary metastasis 
m the lung m a patient who had experienced an amputation of an extremity 
for osteogenic sarcoma would have been considered meddlesome surgery a 
decade ago, but not in the light of the present day viewpoint Three brief 
case reports will serve to illustrate an unpredictable salvage of life by surgical 
persistence m the face of overwhelming odds 

Case 1 D D , a 24-year-old man, had a congenitally defective left hand, 
characterized by crossed fingers with contractures For several years, a tumor had 
been slowly growing deep in the palmar space An attempt at removal in another 
hospital was only partly successful, the specimen was reported by the pathologist as a 
neurosarcoma An amputation through the forearm was done, followed in 17 months 
by recurrence in the stump, the arm was then amputated through the mid-humerus 
well above any clinical and microscopical evidence of the tumor Within a year, another 
recurrence was observed and was treated by a disarticulation of the humerus There 
was no evidence in the specimen of upward extension of the neurosarcoma Subsequently, 
a mass was palpated in the axilla, aspiration biopsy was positive for sarcoma The 
patient consented to an interscapulothoracic amputation which was performed on February 
25, 1935 Surely, we reasoned, this will control or eradicate any possibility of recurrence 
of the sarcoma, but a few months later, another mass, somewhat fixed, was palpated 
in the lower neck With determination but not with optimism, we performed a difficult 
dissection of this sarcoma from the brachial nerve plexus which it involved , the operation 
was terminated by inserting gold radon seeds in the wound This last desperate 
surgical attempt (the sixth) was done 12 years ago Since that time, the patient has 
gone to college, married, fathered two children, and become a successful teacher in a 
normal school There has been no evidence of metastasis and no evidence of local recur- 
rence of the neurosarcoma 

Case 2 N H , a 30-year-old male, was referred to the Memorial Hospital in 
1932 with a clinical diagnosis of melanoma of the skin of the chest A bluish-black 
ulcerating tumor 2 cm m diameter was seen in the pectoral region, there were large 
firm nodes m the corresponding axilla The primary melanoma was surgically removed 
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and the axilla was dissected, the lymph nodes contained metastatic melanoma Several 
months later, a rapidly-growing black, fungatmg tumor was observed on his bald scalp 
It was removed and microscopically proved to be a malignant melanoma In the course 
of the next year, numerous other bluish-black, rapidly-growing nodules 0 5 to 2 cm in 
diameter appeared on his trunk, back, and arms The clinical picture was typically that 
of disseminated melanoma in the skin, so much so that our professional colleagues in 
consultation commented on the futility of further surgical efforts Nevertheless, we 
persisted in removing these tumors as they appeared, our only encouragement derived 
from the opinion of our pathologists, Dr James Ewing and Dr Fred Stewart, that 
these malignant melanomas had the peculiar features of new, independent, or primary 
growths rather than metastatic foci The condition was further complicated at this time 
by the appearance of metastases m the opposite axillary lymph nodes, which were 
treated by radical axillary dissection A total of 14 primary malignant melanomas were 
removed and both axillas were dissected for proved metastatic melanoma It has been 
over ten years since the last operation, and the patient is well, without evidence of 
recurrence in this long interval The satisfactory end-result is not due to any major 
surgical feat, but rather to the determined philosophy of treating cancer wher^ever it 
may be found 

Case 3 D B , an 11 -year-old southern schoolgirl, had a small nodule in the 
thyroid gland of which her parents had long been aware Within two months after the 
somewhat precocious onset of menstruation, this nodule grew with alarming rapidity 
A local surgeon was consulted and one of many palpable lymph nodes m the neck was 
removed for biopsy It contained metastatic thyroid cancer When we examined her, 
the thyroid cancer was infiltrative, fixed, and inoperable Innumerable firm lymph nodes, 
involved by the disease, were felt throughout both cervical chains Inasmuch as the 
cancer was inoperable, intensive treatment was given with the four gram radium element 
pack, supplemented by the interstitial deposition of gold radon seeds in measured tissue 
doses in the thyroid gland and remaining palpable lymph nodes The dose was epider- 
niicidal but effective in causing satisfactory regression of the cancer Just before she 
was scheduled to return to her home in Alabama, she complained of headache, vomiting, 
and blurring of vision Ophthalmoscopy revealed bilateral choked discs A presumptive 
diagnosis of metastatic thyroid cancer to the brain was made A ventriculogram showed 
the presence of a tumor encroaching on the lateral ventricle At this time, the parents 
obtained conflicting advice, some physicians defining her condition as hopeless Motivated 
by the same policy of continuing the treatment of cancer wherever found and influenced 
by the remote and even unlikely possibility of the intracranial tumor being unrelated, 
I urged craniotomy and surgical removal This point of view was identical with that of 
the neurosurgeon. Dr Byron Stookey, who performed the operation and removed the 
tumor which was situated in the choroid plexus of the lateral ventricle To our dismay, 
hut without surprise, the histologic study revealed metastatic thyroid cancer This little 
girl matured gracefully, completed her academic and collegiate education, married, and 
became the mother of two children She is now living and well 15 years after her 
t'catmcnt was completed 

INVOLVEMENT OF MULTIPLE ORGANS 

One of the outstanding achievements in the suigical treatment of gastro- 
intestinal cancer is the unexpected good lesult which frequently follows the 
lenioval of cancers that have become adherent to adjacent organs and are at 
^ist examination seemingly inoperable The explanation lies in the fact that 
cancers of the stomach, colon, and rectum, which are papillary or polypoid 
'll character, often become grossly infected and, as a consequence, the organ 
lecomes adherent to adjacent viscera or structures These tumors appear 
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technically irremovable and give the false impression of extension of the 
cancer beyond the confines of the organ primarily involved By perseverance 
and meticulous dissection, associated at times with the sacrifice of a portion 
or the whole of the adjacent organ, the surgeon can often remove this growth 
successfully The subsequent pathologic report, in many instances, will reveal 
that the cancer itself had not extended to involve the neighboring organ, and 
that the adhesions were of inflammatory character, in fact, the cancer itself 
may be classified as of relatively low-grade malignancy I have known of 
numerous instances in which complications of this character were found, 
and yet no regional metastases to nodes were discovered on careful micro- 
scopical survey These facts encourage one to attempt by every means possible 
the removal of cancers which are adherent to any structures that may be sacri- 
ficed by excision and continuity with the organ involved 

A STOMACH 

Although total gastrectomy had been attempted within a few years after 
Billroth’s initial partial gastrectomy for cancer, the operation did not find 
popular acceptance by gastric surgeons until the past decade It is now known 
that the entire stomach can be safely removed and the individual live there- 
after without too great inconvenience and without too disturbing metabolic 
changes On the Gastric Service of the Memorial Hospital, we have performed 
approximately 50 total gastrectomies for cancer and approximately 50 trans- 
thoracic resections of the lower esophagus and upper end of the stomach for 
cancers of the proximal gastric segment In past years, the very location of 
the cancer, justaposed to the cardia, was sufficient to pronounce it inoperable 
in many hospitals, m consequence of which 8 to 10 per cent of all patients 
with gastric cancer were denied surgical intervention merely because of the 
accidental location of the cancer near the region of the cardiac orifice The 
extension of the cancer to involve the esophagus, both below and above the 
diaphragm, called for a popularization of the operation of transthoracic, trans- 
diaphragmatic esophago-gastrectomy This procedure has now been well 
established The end-results of this operation and the preoperative and post- 
operative management are so improved that these cancers can no longer be 
classified as inoperable because of location only In these 100 cases of ex- 
tremely radical surgery removal of gastric cancers, we have found many 
occasions to remove adjacent organs in whole or in part Segments of the 
diaphragm, the entire spleen, variable portions of the pancreas, part of the left 
lobe of the liver adherent to or invaded by the cancer, and large segments of 
the transverse colon have all been removed in continuity with the entire 
stomach on numerous occasions In the earlier years of gastric surgery, any 
one of these complications, i e , the adherence of such organs to the stomach, 
would have constituted an excuse for classifying the cancer in that particular 
patient as irremovable 

B DUODENUM AND PANCREAS 

Successful operations for malignant tumors of the duodenum, in years 
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past, were limited to the rare occasions when a transduodenal resection of 
an early polypoid tumor of the ampulla of Vater could be done All other 
cancers of the duodenum and pancreas were considered inoperable because 
surgical ingenuity had not devised a method of removing the duodenum 
and pancreas with re-estabhshment of biliary flow and gastro-mtestmal con- 
tinuity until Allen O Whipple and his co-workers conceived of the principles 
now well established in the operation known as duodenopancreatectomy 
Even with general employment of this operation, it is safe to assert that the 
great majority of patients with technically resectable cancers of the head of 
the pancreas and the duodenum are denied an opportunity for life because of 
the lack of surgical experience on the part of surgeons to whom they are 
entrusted, or the reluctance of these surgeons to undertake an operation of 
this magnitude As an example of our own failure to think clearly, I would 
like to cite the following case history 

Case 4 C F , a woman of 50 years, had hematuria due to a clear-celled papillary 
adenocarcinoma of the right kidney The usual nephrectomy was done in the Memorial 
Hospital, from which she convalesced without complications Several months later, she 
left for a vacation in Europe, and while there, her family noticed a progressively increas- 
ing jaundice By the time she returned to the Memorial Hospital, she had become 
emaciated due to an extremely rapid weight loss, was vomiting incessantly, had become 
deeply jaundiced, and a mass could be felt in the right hypochondrium Barium feeding 
and roentgen-ray studies revealed an obstruction in the second part of the duodenum 
Because of the recent history of right nephrectomy and the location of the present mass, 
a presumptive diagnosis of recurrent renal cancer was made with secondary involvement 
of the liver, duodenum, and pancreas The condition was deemed inoperable and laparo- 
tomy was therefore not attempted The patient died in the hospital, and a postmortem 
examination was secured There was no evidence of recurrence of the renal cancer A 
papillary carcinoma of the ampulla of Vater was found, causing practically complete 
obstruction of the bile ducts and almost complete obstruction of the duodenum There 
was no evidence of metastasis from this second cancer, and it would have been a techni- 
cally easy feat to have removed it by the classical Whipple operation In this instance, 
the diagnosis of inoperability was in error, due to a biased opinion based on the previous 
history of a recent cancer of the kidney, and the failure on our part to consider the 
symptoms and physical findings as typical of an ampullary cancer 

C COLON 

We now know that the colon may be removed in its entirety, as is done 
in those patients with multiple or diffuse polyposis of the bowel or in those 
with multiple colonic cancers Many cancers of the colon, particularly of the 
papillary type which are commonly infected, are adherent to adjacent organs 
This does not constitute a state of inoperability because in the maj'ority of 
cases, these neighboring viscera may be removed safely with the colon For 
example, there have been numerous instances in which we have resected a large 
segment of the colon, combined with hysterectomy m the female, or a wide 
segment of the pelvic colon with partial cystectomy in the male, or the splenic 
exure with an adherent spleen In one instance, a right hemicolectomy was 
one with a resection of two loops of adjacent ileum to include large nodes 
’0 the adj'acent mesentery, the pathologic diagnosis was reticulum cell 
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lymphosarcoma Multiple anastomoses were performed m a single-stage 
operation and the patient was living and well for eight years until she died 
of a heart attack A cancer of the transverse colon with an external fistula 
of SIX months’ duration was resected with a large segment of the abdominal 
wall without difficulty There have been several cases m our series with the 
transverse colon adherent to the stomach, and in some instances, with perfora- 
tion and fistula formation so that colectomy was combined with subtotal 
gastrectomy in order to remove the cancer in toto 

D RECTUM 

Many errors are made in diagnosing a rectal cancer as technically inop- 
erable because of fixation as judged by digital examination of the cancer 
through the rectum Many cancers which appear to be firmly adherent in the 
hollow of the sacrum or to the lateral wall of the pelvis when felt by combined 
recto-abdominal palpation can be successfully removed at the time of laparo- 
tomy Unless the cancer is completely fixed to cause the so-called frozen 
pelvis, and providing the patient does not have evidence of distant metastases 
in the liver or in signal nodes, these patients profitably may be explored 
This sometimes results in the happy discovery that the adherence of the 
cancer is a pseudo-fixation that can readily be relieved by dissection Cancers 
of the rectum, because of their tendency to infection and extension through 
the wall of the bowel, become adherent to adjacent pelvic viscera such as the 
urinary bladder or the uterus Under these circumstances, these organs 
should be removed in part or in whole, depending upon the extent and par- 
ticular site of involvement Three brief case histones are appended here to 
illustrate the plan of procedure under these conditions 

Case 1 K D , a 71 -year-old woman, had a bulky adenocarcinoma of the rectum 
filling almost the entire ampulla and invading the rectovaginal septum It had per- 
forated into the vagina, which was filled with a fungating sphacelate tumor The entire 
perineum and perineal body were infiltrated by cancer We performed an abdomino- 
perineal rectal resection associated with a vaginectomy The vaginal mucosa overlying 
the base of the bladder was left intact, but the remainder of the vagina was removed with 
the rectum Convalescence was uneventful This same operation of rectal resection and 
vaginectomy, sometimes with an associated hysterectomy, has been done at least five or 
SIX times 

Case 2 B K , a woman 56 years of age, had a carcinoma of the rectosigmoid 
A previous supracervical hysterectomy had been performed The cancer had become 
adherent to and invaded the urinary bladder A superior segmental resection of the 
carcinoma was performed, together with a subtotal cystectomy The operation was 
completed by an end-to-end anastomosis of colon and rectum Convalescence was 
uneventful 

Case 3 M S , a woman 54 years of age, was admitted to the hospital in a state 
of shock due to recent multiple hemorrhages which had been almost exsanguinating 
A huge tumor was found to occupy the rectum, involving the rectovaginal septum, the 
posterior fornix and adherent to the cervix and uterine isthmus A biopsy was reported 
as leiomyosarcoma The terminal portion of the rectum was unmvolved by the tumor 
An abdomino-penneal rectal resection was performed, together with a radical pan-hyster- 
ectomy and vaginectomy The rectal sphincter was preserved, and the entire rectum 
was removed by reaming out the mucosa from the sphincter, after which the sigmoid 
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colon was brought down tlirough the pelvis and hollow of the sacrum to protrude 
through the dilated sphincter Healing occurred by primary union, and the patient was 
discharged from the hospital within two and one-half weeks The function of the 
sphincter soon returned, and she was able to have normal bowel movements by rectum 

E VAGINA 

General surgeons and gastro-intestmal surgeons operating on cancers of 
the rectum have, on many occasions, performed a partial vaginectomy, to- 
gether with an abdomino-permeal rectal resection for those rectal cancers 
that involve the rectovaginal septum This has been an accepted mode of 
procedure Gynecologists, on the other hand, and almost without exception, 
have been prone to classify all vaginal cancers as inoperable The case of 
inoperability has even been listed on the patient’s chart as due to invasion of 
the rectovaginal septum, with the statement that vaginectomy could not be 
done without entering the rectum From the patient’s point of view, a death 
from cancer of the vagina is just as bad as death from rectal cancer, and a 
permanent terminal abdominal colostomy fot cancer of the vagina should be 
just as acceptable as it is for cancer of the rectum On two occasions m 
which vaginal cancers were involving the posterior vaginal wall and posterior 
fornix, we have performed the operation of abdomino-permeal rectal resection 
with vaginectomy If these vaginal cancers are infiltrating, and many of them 
are, there should be no hesitation m removing the rectum, even though it 
entails a permanent colostomy 

F PROSTATE 

The radical operation for cancer of the piostate as oiigmated by Dr 
Hugh Young has found some acceptance for those piostatic cancers that are 
removable Total cystectomy for cancers of the urinary bladder is being done 
much more frequently in conjunction with bilateral uretero-sigmoidostomy 
An example of the extension of radical surgery for cancer ordinarily classified 
as inoperable may be given m the following case report 

S L , a Greek-Amencan, 58 years of age, had been in excellent health without 
complaints until only two months prior to hospital admission Since that time, he had 
had some frequency and urgency of urination, but the chief complaint was progressive 
constipation and later the passage of mucus and blood in his stools At the time of 
admission, he had complete rectal obstruction with great abdominal distention On 
digital examination, the ampullary portion of the rectum wms completely obstructed by 
a firm mass, a biopsy of which revealed adenocarcinoma of undetermined histogenesis 
The blood urea nitrogen was 87 mg percent, and the patient w'as in a state of uremia 
The situation was critical, but an immediate transverse colostomy was performed in 
order to relieve the intestinal obstruction This was followed in a few days by a bilateral 
external ureterostomy by Dr Archie Dean After the blood urea nitrogen had returned 
to normal and the patient’s condition had been greatly improved by blood transfusions 
and the institution of proper diet, a third operation was performed, which was of radical 
character The terminal segments of the ureter, the entire urinary bladder, the prostate, 
die pelvic colon, the rectum, and the perineum were removed m continuity and entirely 
he operation practically consisted of an exenteration of the true pelvis So much 
peritoneum was removed with the specimen that the pelvic floor could not be recon- 
structed, so the principle of a Coffey dam wuth packing below’ w’as employed The cancer 
"as found to be primary in the prostate, and it practically replaced the entire organ 
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The cancer had extended secondarily to involve the adjacent rectum and completely 
occlude It It also infiltrated into the base of the urinary bladder and involved the entire 
bladder with bilateral obstruction of the ureteral orifices The convalescence was pro- 
tracted, due to the huge space left after ablation of these organs, but no serious com- 
plications occurred, and he was discharged from the hospital in good health 
G TUMORS PRIMARY IN OR ADHERENT TO THE BONY PELVIS 

The involvement of the os innommatum, with the exception of the iliac 
crest, by a pnmary malignant tumor of bone had m the past almost invar- 
iably been considered as inoperable Furthermore, cancers primary on the 
lower extremities, such as synoviomas, malignant melanomas, and epitheli- 
omas, after metastasis to the groin and extension into the iliac nodes with 
adherence, were deemed inoperable because of the extent of the disease Primary 
malignant bone tumors of the pelvic bone and tumors m the region of the 
buttock, such as sarcomas of the soft somatic tissues that are adherent, and 
metastasizing melanomas and epitheliomas that involve the iliac nodes with 
adherence, are now being treated by such a radical procedure as hemipelvec- 
tomy, or the so-called mteriho-abdommal amputation We have performed 
a series of ten hemipelvectomies at the Memorial Hospital, based on these 
indications, without an operative death 

H MALIGNANT TUMORS OF THE ORAL CAVITY AND ADJACENT SINUSES 

The same principle of radical surgery is now being applied for the treat- 
ment of cancers that develop m the head and neck, particularly those involving 
the mucous membranes Examples of the surgical treatment of cancers 
previously deemed inoperable are cited in the two following case reports 

Case 1 A S , a 19-year-old boy, came to the Lendnm Tumor Clinic of the 
Paterson General Hospital with a huge osteochondrosarcoma involving the left maxillary 
antrum The tumor had extended into the orbit with destruction of the orbital plate and 
caused protrusion of the eyeball with diplopia It had eroded away the medial wall of 
the antrum and was fungating with obstruction into the left nasal chamber It spread 
through the external wall with marked extrusion of the cheek It had destroyed the 
floor of the antrum and the roof of the mouth and was perforating into the mouth, 
through the hard palate, and the left superior gingivo-buccal gutter After bilateral 
ligation of the external carotid arteries, the classical Hautant-Monod exposure was 
obtained by incising through the philtrum of the upper lip and along the naso-malar fold 
and the margin of the left lower eyelid with retraction of the skin and subcutaneous 
flaps laterally The entire left superior maxilla with the major portion of the roof of 
the mouth, the zygoma, the floor of the orbit, and the lateral aspect of the nasal chamber 
were then surgically completely removed The tumor proved to be an osteochondro- 
sarcoma His convalescence was uncomplicated, and the defect in the roof of his mouth 
was corrected by an obturator attached to a superior dental plate The floor of the 
orbit ivas replaced by a temporal muscle transplant to serve as a hammock The eyeball 
resumed its normal position and vision was undisturbed Fourteen years have elapsed 
since the operation The patient is living and well, has graduated from college, and is a 
religious teacher 

Case 2 A T , a Hindu, came from Bombay in a very weakened condition due to 
extreme pain and inanition secondary to an advanced cancer of the tongue This carci- 
noma involved the entire left side of the tongue, extending from the tip to the vallecula, 
and infiltrating deeply to the middle of the tongue The carcinoma involved the entire 
left side of the floor of the mouth and was adherent to and invading the horizontal 
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ramus of the left mandible It extended onto the region of the left tonsil and tonsillar 
pillars and caused trismus so great that the jaw could not be opened Firm lymph nodes 
in the left submaxillary region were replaced by metastatic carcinoma and were insep- 
arably adherent to the under surface of the mandibular ramus Other lymph nodes 
were present in the left digastric group He was admitted to the Doctors Hospital, 
where under intratracheal anesthesia, the left lip was bisected and the skin flaps turned 
widely back in continuity with a Bastianelli incision for radical neck dissection The 
dissection of the left neck was accompanied by ligation of the external carotid artery 
The lymph nodes in the left submaxillary region were so firmly adherent to the mandible 
and to the underlying muscles that all of the structures of the submaxillary triangle were 
removed, together with the hyoid bone to which the carcinomatous nodes were adherent 
The mandible was severed through the mental process The left side of the mandible, 
together with the entire floor of the mouth and the left lateral two-thirds of the tongue, 
was then completely severed in the anterior posterior direction The mandible was then 
disarticulated at the temporomandibular joint, and the base of the tongue, together with 
the tonsil and tonsillar pillars and the left side of the oral phaiynx, were dissected down 
to the pterygoid fossa The mucous membrane of the left cheek along the gingivo-buccal 
gutter was then approximated to the lateral aspect of the severed tongue, and the skin 
flaps were also approximated by a plastic procedure The operation was terminated by 
a tracheostomy The patient was out of bed 24 hours after the operation and was fed 
for two weeks by means of a nasal catheter At the time the tracheostomy tube was 
removed, he was able to swallow food by mouth, the mouth was fairly well healed, 
and his voice was quite satisfactory except for lingual sounds 

SUCCESSFUL SECONDARY OPERATIONS FOR CANCER 

The surgeon is frequently confronted with patients and their relatives 
who relate the story of exploratory laparotomy followed by a pronouncement 
of inoperability and, m consequence, incurability of the cancer They usually 
importune the next surgeon seen, and perhaps many others, to intervene 
again, not being willing to accept the opinion and judgment of the initial 
surgeon, who had an opportunity to study the extent of the cancer at the 
time of laparotomy Physical examination of such patients, after their dis- 
charge from other hospitals, may often permit the later surgical consultant 
to agree in the obvious diagnosis of inoperability However, m the absence of 
physical signs of inoperability, one is sometimes justified in sending a note of 
inquiry to the surgeon, requesting a copy of the operative findings If the 
reasons for not resecting the cancer were given as distant metastases, for 
example, in the liver, or diffuse peritoneal carcinosis, then the indications of 
inoperability must be considered absolute But if the operative findings are 
listed, indicating that the decision not to remove the cancer was based on 
technical difficulties, there may exist a suitable excuse for a second attempt at 
removal It may seem presumptuous to attempt an operation in the face of a 
previous failure by one who has had an opportunity to inspect the cancer and 
Its extent at the time of laparotomy, but in some of the following case reports, 
the ivisdom of this decision seems apparent Such secondary operations 
should be taken with a full understanding by the family that it might not be 
possible to complete the operation successfully 

1 Stomach Interval before Secondary Resection — 27 months — ^R B, a 39 year-old 
nian, came to the Gastric Clinic of the Memorial Hospital with the story that two years 
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and three months before, he had been subjected to a laparotomy for a gastric cancer, 
which was found to be inoperable The story seemed incredible because, m our experience, 
the average patient with inoperable gastric cancer is dead within a year after the date 
of the diagnosis A letter was dispatched to the hospital for a loan of the slide of the 
biopsy The slide revealed an adenocarcinoma, and the date of the biopsy was two years 
and three months previous, agreeing with the patient’s statement The surgeon’s report 
classified the cancer as inoperable because it originated in the fundus of the stomach and 
was extending into the esophagus above the level of the diaphragm Because careful ph>- 
sical examination did not reveal any evidence of distant dissemination of the cancer and 
because the patient seemed to be in good health, he was accepted for treatment in the 
Clinic Gastro-mtestinal roentgenogram studies revealed a huge tumor occupying the 
fundus and cardiac end of the stomach with extension for several centimeters into the 
esophagus well above the level of the diaphragm A preliminary laparotomy was done 
for purposes of exploration There were no metastases m the liver, the tumor although 
bulky was movable , and it was therefore possible to remove it by the combined thoracic 
and abdominal approach The exploratory operation was terminated by a jej unostomy for 
feeding purposes Two weeks later, a thoracotomy was performed and the diaphragm 
severed The distal segment of the esophagus was removed and the major portion of the 
stomach There was not sufficient stomach left for esophago-gastrostomy Since the rem- 
nant of esophagus was high under the aortic arch, one could not bring up a loop of 
jejunum to construct an intra-thoracic esophago-jej unostomy, particularly because a 
jej unostomy had been performed, and the operation had to be completed quickly The 
esophagus was then brought out through the neck and onto the chest wall to construct 
an anterior thoracic esophagostomy At a later date, the remnant of the stomach was 
brought to the anterior wall for a gastrostomy opening The patient convalesced from 
these operations without complications The significance of this case reeord is that it 
was still possible, by the transthoracic approach, successfully to resect the lower portion 
of the esophagus and the major part of the stomach for a cancer which had been diagnosed 
as inoperable in another hospital two years and three months prior to this date 

2 Stomach Interval Befoic Secondaiy Resection — 3 months — J Z, a S8-year-old 
janitor, was operated on at the Memorial Hospital for cancer involving the distal sement 
of the stomach Because the cancer had perforated through the serosa and because of its 
fixation to the pancreas, it was classified as inoperable and a gastro-jej unostomy was 
performed When the attending surgeon left for a protracted European vacation three 
months later, the resident surgeon who had participated in the operation and disagreed in 
the opinion of inoperability, readmitted this clinic patient and then performed a gastric 
resection, removing the distal segment of the stomach below the site of the original gastro- 
jejunostomy This patient is now living and well 16 years after the gastric resection The 
gastric resection was done three months after the attending surgeon had classified the 
cancer as inoperable 

3 Cecum Interval Befoie Secondary Resection — 9 months — R K, a man 42 years 
of age, had a laparotomy nine months before for cancer of the cecum The cancer was 
diagnosed as inoperable because of apparent metastases involving lymph nodes in the 
mesocolon, these lymph nodes were said to be quite large and firm, but none was re- 
moved for microscopical study The surgeon also observed numerous white nodules on 
the peritoneum in the mesentery of the small bowel and adjacent to the cecum and large 
intestine, these were interpreted as representing nodules of metastatic cancer No micro- 
scopical study or confirmation of the diagnosis was made Inasmuch as the patient, nine 
months later, did not have ascites nor an enlarged liver and was not greatly worse except 
for a progressive anemia, he was brought to New York City At the Memorial Hospital, 
a second laparotomy was performed, and it was found possible to perform a right hemi- 
colectomy with an anastomosis between the terminal ileum and transverse colon The 
white peritoneal nodules previously described were no longer apparent and the enlarged 
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4 Duodenum Interval Before ^ccondaiy Resection — 7 months — S H, a young 
Na\al oflicer, vomited a huge quantity of blood while in the Pacific Zone A diagnosis 
ot duodenal ulcer was made, and he was placed on a hospital ship and later returned to 
the United States Several episodes of hematemesis occurred Koentgen-ray studies were 
made on two occasions with a diagnosis of duodenal ulcer Finally, four months after the 
onset of sjmptoms, and because of the occurrence of jaundice, a laparotomy was per- 
formed A tumor w'as palpated m the region of the head of the pancreas, and a diagnosis 
of inoperable cancer was made, the operation was terminated by a cholecystojej unostomy 

Seven months after this operation had been performed, during which time the patient 
had not been informed as to the character of his illness, he w'as admitted to the Memorial 
Hospital The earl> roentgen-ra^ films svere ohtamed awd they deafly showed the 
presence of a tumor in the second part of the duodenum The diagnosis of carcinoma of 
the ampulla of Vater was made and a second laparotomy advised After exploration, the 
classical pancreaticoduodenectonij was performed The cholecystojej unostomy was left 
intact, but the common bile duct was also used to perform a choledochojej unostomy The 
distal end of the severed stomach w'as implanted in the descending jejunal loop The 
patient had an uneventful convalescence Tlie tumor proved to be a papillary adenocar- 
cinoma of the ampulla of Vater 

5 Duodenum Interval Before Secondary Resection — 30 months — C , a man 45 
3 'ears of age, came to the Memorial Hospital two and one-half years after he had been 
operated upon in another institution where a diagnosis of inoperable cancer of the pan- 
creas was made At the time of the first laparotomj^ a cholecystgastrostomy was done 
This relieved his jaundice, and he was m comparative comfort for more than a year The 
cholecystgastrostomy stoma apparently did not function well, so after a second laparo- 
tomj a cholecj'Stojej unostomy was done One j'ear later, due to obstruction of the duo- 
denum by cancer, a third laparotomy was performed, at which time a gastro-jej unostomy 
was done At this last operation the surgeon, who was not the one previously engaged, 
made a thorough exploration of the abdomen and observed that the cancer had not 
metastasized to the liver and that it was movable, though bulky As a result of his find- 
ings, he advocated a fourth laparotomy which was done on the Gastric Service of the 
Memorial Hospital We were able to perform the usual pancreaticoduodenectomy and 
completed the operation by imbedding the common bile duct m the jejunum for a chole- 
dochojej unostomy The carcinoma was an infiltrating cancer involving the ampulla of 
Vater and the head of the pancreas Convalescence was uneventful The patient is now 
living and well two years after the successful resection The unusual feature of this case 
report lies m the fact that the first actual attempt at resection of this cancer was on the 
occasion of the fourth laparotomy 

6 Rectum Inteival Before Sccondaty Resection — 4 months— A W , a 41-year-old 
woman, entered the hospital with a large carcinoma of the rectum which appeared mod- 
erately fixed on recto-abdominal palpation Four months before, a laparotomy had been 
performed at another hospital, at which time the cancer was considered inoperable because 
of local technical difficulties The operative notes at that time indicated that there was 
no evidence of distant dissemination and no evidence of metastasis in the liver Two 
months later, the patient entered another hospital where a second laparotomy was per- 
formed by another surgeon He also classified the rectal cancer as inoperable and per- 
formed a simple loop colostomy When vve examined the patient, we found a functioning 
Sigmoid colostomy There w^as a large carcinoma completely encircling the lumen of the 
bowel m the upper rectal ampulla, it w'as moderately fixed to the pelvic wall As there 
W'as no palpable enlargement of the liver, we decided to attempt a resection Accordingly, 
a laparotomy was done and it was found possible to perform an abdomino-perineal rectal 
resection The patient convalesced from this operation without complications The state- 


1117 



GEORGE T PACK 


Aniuls of Surgery 
June 1948 


ments of the two previous surgeons concerning the inoperability of the cancer were based, 
therefore, solely on technical difficulties, rather than on the actual stage of the disease 

7 Retroperitoneal Sarcoma Interval Before Secondary Resection — 6 zveeks — R L , 
a 5 months old infant, was admitted to the Children’s Ward of the Memorial Hospital 
with a huge tumor m the left iliac quadrant Six weeks before, an operation had been 
performed m another institution, at which time the location of the tumor was thought to 
be retroperitoneal and beneath the mesentery of the colon It was considered inoperable 
and a biopsy only was obtained, which was reported as a sarcoma We subjected the 
child to a laparotomy and after careful dissection, were able to remove the retroperi- 
toneal sarcoma and preserve the integrity of the overlying intestines It was diagnosed 
as a rhabdomyosarcoma of embryonal type There was no evidence of metastasis of this 
sarcoma Again, in this instance, the diagnosis of inoperability was based solely on 
technical difficulty, and the dissection was not attempted because of this fact, although 
it was obvious that the child would die of the sarcoma 

SUMMARY 

The definition of inoperability of cancer has an important influence on 
end results The point of view of the surgeon plays a significant role in 
determining whether or not a given patient should be subjected to operation 
and attempt at surgical removal of the cancer A distinction should be made 
between absolute inoperability due to distant dissemination of the cancer and 
obvious incurability, and relative inoperability due to local technical difficul- 
ties No surgeon should perform an exploratory operation unless he is quali- 
fied to proceed with the actual removal of the tumor if encountered Exci- 
sional surgery should be available for cancer patients of advanced age if they 
can be prepared for such an ordeal, as old age alone is not a sufficient excuse 
to deny these patients the only opportunity to overcome an otherwise fatal 
disease The condition of the patient may present seemingly serious hazards 
from the surgeon’s viewpoint, but with the current improvement in preopera- 
tive and postoperative management, the dangers are often reduced to the 
point where major surgical procedures may be safely performed The stage 
and extent of the cancer complicate the judgment of the surgeon, but if the 
cancer is removed whenever technically possible, occasional cures are surpris- 
ingly obtained Palliative resections of the stomach, colon, and rectum afford 
a great deal of relief to many patients even though small metastatic foci are 
detected in the liver Involvement of multiple organs by cancer has been 
given as a reason for inoperability, but one should attempt by every means 
possible to remove such cancers which are adherent to any adjacent structures 
or viscera that may be sacrificed by excision in continuity with the organ 
involved Some patients who have had exploratory laparotomy for cancer 
with abandonment of the operation and pronouncement of incurability are 
entitled to another chance or effort by a different surgeon if the former surgeon 
classified the cancer as inoperable because of technical difficulties Case reports 
are inserted to illustrate the arguments throughout this thesis 


1118 



THE SURGICAL TREATMENT OF THE INFANTILE TYPE 
OF COARCTATION OF THE AORTA 
Julian Johnson, M D , D Sc ( Med ) ® 

AND 

Charles K. Kerry, M D 
Phtladelphia, Pa 

o 

from the HARRISON DEPARTMENT OF SURGICAL RESEARCH, SCHOOLS OF MEDICINE, UNIVERSITY OF 
PENNSYLVANIA AND THE SURGICAL CLINIC OF THE HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA 

Coarctation of the aorta may be divided into two types according to the 
classification of Bonnet ^ In the mjantile type there is an elongated narrowing 
of the aorta at the istlimus while in the adult type there is an abrupt con- 
striction at or near the ductus arteriosus Maude Abbott^ found records of 
237 cases of coarctation of the aorta which came to autopsy, of which 155 
were of the adult type and 82 were of the infantile type She found that the 
infantile type was frequently associated with other congenital anomalies which 
contributed to the early death of the patient In a later report she® noted that 
in 200 cases of the adult type which came to autopsy, the associated hyper- 
tension was the chief cause of death The average age was 33 years Of these, 
39 died as the result of spontaneous rupture of the aorta or heart, 26 had 
cerebrovascular accidents, and 67 died of myocardial failure Thus 66 per 
cent died at this early age as the result of the associated hypertension This 
would seem to constitute sufficient cause for attempting to correct the con- 
genital defect by surgical means 

The first operation performed for coarctation of the aorta was done by 
Crafoord^ of Stockholm on October 19, 1944 He reported two successful opera- 
tions on the adult type in which the constricted area was excised and the two 
ends of the aorta sufficiently mobilized to bring them together and do an end- 
to-end anastomosis The Carrel suture technic was used By June 1946 Cra- 
foord® had operated upon seven patients of the adult type and was able to 
excise the short segment and do an end-to-end anastomosis in all of them 

Blalock and Park® and Gross and HufnageF had previously reported ex- 
perimental work in dogs concerning this problem Blalock had shown that the 
left subclavian artery might be brought down and anastomosed to the side of 
the aorta below the coarctation Gross had shown that a segment of the dog’s 
aorta could be excised and an end-to-end anastomosis done 

Gross® operated upon his first patient a short time after Crafoord and 
Nylin^ and used the continuous everting mattress suture which he had used 
in experimental animals By June 8, 1947 he® had operated upon 23 patients 
with only two deaths The anastomosis was completed in 20 of the patients 
There was so much inflammatory change present in one patient that the aorta 
could not be safely mobilized The remaining two patients had lesions of the 

^Associate Professor of Surgery, School of Medicine, University of Pennsylvania 
Associate in Surgery, School of Medicine, University of Pennsylvania 
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Fig 1 — (A) Case 1 The infantile type of coarctative of the aorta The stenotic area 
was long and the lumen of the vessel was completely obliterated It was estimated 4 0 to 
5 0 cm of aorta would have to be excised preparatory to an anastomosis Note the large 
first intercostal artery 

(B) The large left subclavian artery was divided, rotated downward and sutured to 
the end of the descending aorta 

infantile type, with such long areas of constriction that it would have been 
impossible to bring the ends of the aorta together had the constricted areas 
been resected Gross considered these two patients inoperable As of his last 
report Crafoord^ had encountered none of the infantile type of coarctation 
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We have icccntly opeialecl upon thiee patients with coaictation of the 
cioita of the infantile type In all thiee instances the constiicted aiea extended 
ovei a distance of seveial centimeters It was obviously impossible to peifoim 
the type of opeiation used by Ciafooid oi Gioss However, it seemed woith 
while to till 11 the left subclavian aiteiy down to bridge the defect. In two 
patients the end of the subclavian aiteiy was anastomosed to the upper end of 
the descending aoita aftei the aiea of the defect had been excised. In the 
thud patient the opeiation had to be abandoned because of the friability of 
the vessels due to athei omatous changes 




subclavian 

arlerz^ 


Aorta 



Case No 1 VB, a 13-year-old negro 
bo}’-, was first seen by Doctor Rachel Ash at 
the Children’s Hospital in July 1942, com- 
' plaining of dyspnea and precordial pain on 
exertion He had a blood pressure of 150/110 
and a soft blowing systolic murmur m the 
rst and second interspaces to the left of the 
sternum On roentgen-ray examination a 
small aortic knob and indentation of the in- 
^ fei lor borders of several ribs were seen The 
femoral and dorsalis pedis pulses were barely 
palpable A diagnosis of coarctation of the 
aorta was made In subsequent follow-up 
studies the weak pulses m the lower extrem- 
ities disappeared completely 


Upon admission to the Hospital of the 
University of Pennsylvania on January 6, 
1947, the boy appeared to be normal 
mentally and physically except for the 
above findings He was symptom free 
except upon strenuous exertion He 
weighed 90 pounds The blood pressure 
was 160/110 in both arms It was un- 
in the abdomen or lower extremities The 
30 seconds Studies of blood flow by the 
flow were made pre- and postoperatively’’' 


Fig 1 — (C) A diagram of the proced- 
ure The anastomosis was done, with a con- 
tinuous everting mattress suture and with a 
tew reinforcing interrupted sutures 

obtainable in the legs No pulse was palpable 
cold perssor test showed a rise to 220/150 in 
balhstocardiograph and studies of renal blood 

Studies of renal blood flow showed a significant increase in Case No 1 with an 
increase of a magnitude not great enough to be significant in Case No 2 


EFFECTIVE RENAL BLOOD FLOW 


Case No 1 
Case No 2 


January 16 
880 cc /min 
February 19 
1120 cc/min 


January 29 
1130 cc /mm 
April 26 
1200 cc /min 


May 16 
1080 cc /mm 


The blood flow was calculated from para-ammo hippurate clearance and hematocrit 
fadings These tests were done by Doctors J K Clark, G J Gislason and H G 
cr and will be reported in detail elsewhere 


Studies of blood flow by the balhstocardiograph m Cases 1 and 2 indicated an 
increase in blood flow in both patients following operation 
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Fig 2 — (A) Case 2 In this patient there was a small lumen in the coarctation, 
but the area of significant decrease in diameter was about 4 0 to 5 0 cm long 

(B) The left subclavian artery was rotated downward and sutured to the end of 
the descending aorta 


The patient was operated upon on January 17 , 1947 under endotracheal cyclopropane 
anesthesia With the patient on his right side the left fifth rib and short segments of 
the fourth and sixth ribs were resected The coarctation of the aorta was recognized as 
being infantile in type with a stenotic area 40 to SO centimeters in length, as shown in 
the accompanying photograph and diagram The aorta was freely mobilized by dividing 
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L subclavian 
arterij 



Aorla 


5 intercostal arteries, but it was obvious that the ends of the aorta could not be brought 
together for an anastomosis if the stenosed segment were excised The left subclavian 
artery was found to be quite large It seemed reasonable, therefore, to divide the sub- 
clavian artery, rotate it downward and anastomose it to the descending aorta as Blalock 
and Park® had done experimentally in dogs The aorta was ligated and divided Its 
lumen was found to have been completely obliterated at the site of greatest narrowing 

Since the subclavian artery was almost as 
^ large as the descending aorta an end-to-end 
anastomosis was done without difficulty, 
using the everting mattress suture as de- 
scribed by Cross and Hufnagel’’ Crafoord 
clamps covered with white shoe strings were 
used to occlude the arota The clamps were 
I \ gradually removed over a period of three 
\ minutes with no change in the patient’s 
I condition It was immediately possible to feel 
/ bounding pulses in both feet The patient’s 
postoperative course was uneventful He was 
allowed to be out of bed on the first post- 
operative day and began to walk on the fifth 
postoperative day The blood pressure came 
down slowly Between the tenth and twentieth 
post-operative days the blood pressure in 
the right arm averaged 120/80 and in the 
legs 110/70 The child was discharged on 
the twenty-first day feeling entirely well 
He was re-examined on the thir- 
teenth of November 1947, 10 months 
after operation He had gained 22 
pounds m weight and 3 5 inches in 
height since operation The blood pres- 
sure in the right arm was 115/70 and in 
the legs was 105/65 He had good pulses 
in both feet A soft blowing systolic murmur was still present to the left of the sternum 
in the second interspace The patient stated that he felt perfectly well and had no symp- 
toms of any sort during strenuous exercise 

Case No 2 C I , a 17 year old boy, was rejected for military service in April 
1946 because of high blood pressure His only complaint was that when participating 
in high school track he could not run the mile even after much practice He was first 
studied in the Cardiac Clinic and then admitted to the Hospital of the University of 
Pennsylvania on the sixteenth of February 1947 He weighed 120 pounds and appeared 
to be m good condition The blood pressure in his arms was 160/90 and was unobtain- 
able in his legs No pulses were palpable in the lower extremities A harsh mid 
systolic murmur was heard best in the second and third interspaces to the left of the 
sternum and also along the vertebral border of the left scapula By fluoroscopy the 
eart was normal in size, and the aortic knob was not visible There was notching of 
e fourth and fifth ribs A diagnosis of coarctation of the aorta was made Studies of 
ood flow by the ballistocardiograph and studies of the renal blood flow were made 
e ore and after operation ^ During the cold pressor test the blood pressure did not rise 
appreciably During the sodium amytal test the blood pressure fell to 130/90 
as was operated upon on February 26, 1947 The same approach was used 

in Case No 1 The coarctation was found to be infantile in type (see photograph and 
’agram) It was not complete but extended over a distance of 4 5 to 5 0 centimeters 
* Refer to footnote on page 1121 



Fig 2 — (C) A continuous everting mat- 
tress suture was used, but because of the dif- 
ference in the size of the vessels, several in- 
terrupted sutures were placed at the site of 
buckling 
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All cfToi t was m idc to preset vc Uic intercostal artei ics as suggested by Crafoord,'"' but 
in so doing one was torn and considerable diffieulty was eneouiitcied in controlling the 
lieinorrhagc Finally 6 arteries were divided in order adequately to mobili/'c the aorta 
As may be seen by the photographs, the subclavian artery was not as large in proportion 
to the aorta as in the first patient, but it was divided and the pro-eimal end rotated 
downward and anastamosed to the end of the aorta When the clamps were removed, 
a moderate pulse could be felt immediately in both lower extremities The postoperative 
course was uneventful The pulses in the legs seemed weaker 2 or 3 days after 
operation than on the day of operation After 3 weeks the blood pressure had changed 
from an average of 160/90 to 160/70 The patient was discharged sjmptom free on the 
twenty-second day 

Upon readmission on the twenty-fourth of April 1947 the pulses in the lower ex- 
tremities seemed stronger than upon discharge The blood pressure in the right arm 
was 160/70 and in the legs was 120/95 The patient is still symptom free He has no 
drop in his systolic pressure, but the diastolic pressure m his upper extremity has returned 
to normal 



Fig 3 — Case 3 The lumen of his aorta was completely obliterated at the point 
of greatest narrowing The length of the stenosed area, which was smaller than the 
left subclavian artery, was measured to be 50 centimeters 


Case No 3 S S , a 20-year-old boy, was rejected by the army because of hyper- 
tension For the last 2 or 3 years he had been having increasing dyspnea upon 
exertion Finally this became so severe that he could not hold a job He weighed 120 
pounds His blood pressure varied between 220/120 and 260/120 Roentgen-ray exam- 
ination showed an absence of the aortic knob and indentation of the inferior border of 
several ribs No pulses were palpable m the lower extremities 

A diagnosis of coarctation of the aorta was made and operation advised The 
operation was performed by the same approach as in the two previous cases The coarcta- 
tion was found to be infantile in type It was 5 0 centimeters in length by actual 
measurement It was decided to attempt the same procedure as used m the first 2 cases 
We were first aware that we might be in trouble when we divided the subclavian artery 
and found the inside yellow with atheromatous plaques , and when we attempted ligation 
of the coarcted area of the aorta, the ligature cut through The subclavian artery was 
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not as long as in the 2 previous patients It appeared that some slight tension was 
present as the two vessels were approximated Although the tension seemed very mild, 
the subclavian artery ruptured at the site of an atheromatous plaque fairly close to the 
aorta When a clamp was applied across the subclavian artery to control the massive 
hemorrhage, it cut partly through the vessel wall A heavy silk ligature placed proximal 
to the clamp also cut partly through the wall, but a No 2 chromic catgut ligature placed 
turther proximally controlled the bleeding satisfactoi ily at the time A sutuie ligature 
was placed distal to it The operation was abandoned The blood pressure had fallen 
during the operation, but 12 hours after operation his blood pressure reached the pre- 
operative level of 260/120, and he suddenly succumbed Autopsy showed that the 
subclavian artery had torn through at the site of the most proximal ligature The entire 
aorta and the great vessels above tlie coarctation were extensively covered with athero- 
matous plaques, and all were verj'^ friable 

COMMENT 

In the infantile type of coaictation of the aorta excision of the aiea and 
end-to-end anastomosis will probably never be feasible Gi oss in two instances 
has considered this t)'pe inoperable If the subclavian aiteiy is to be used for 
the anastomosis, as was done heie, the question will always arise as to whether 
the blood flow is materially inci eased by tbe pioceduie In Case No 1 no 
blood was going thiough the coaictation, but five mteicostals were divided 
It is evident, howevei , that this patient was improved A bounding pulse was 
pi esent in his lower extremities, and the blood pi essure in the upper extremi- 
ties returned to normal In Case No 2, however, some blood was going 
through the coarctation Not only this was sacrificed, but also 6 intercostal 
vessels It is, of course, questionable whether the subclavian artery delivered 
more blood flow to the descending aorta than was sacrificed The presence of 
palpable pulses in the lower extremities postopei atively suggests some in- 
crease in blood flow That the inciease was not adequate is indicated by the 
failure of the systolic blood pressure to return to noimal although there was 
some fall in the diastolic pressure 

Although Gross^ had previously pointed out the hazaid of operating upon 
patients in the older age group, we felt that we were justified m attempting Case 
No 3 at the age of 20 inasmuch as Crafooid*^ had been successful m several 
patients of this age group The difficulty hei e lay in not being able to recognize 
until it was too late that the vessels weie too f liable to be worked with 
Perhaps the preoperative blood pressure of 260/120 should have been suffi- 
cient warning to us With the chest open and the vessels exposed it was still 
impossible for us to ascertain tbe tiue condition of the vessel walls until after 
the vessel had been cut across and the atheiomatous changes visualized If 
this information could be obtained without actually opening the vessel, the 
difficulties encounteied m Case No 3 might be avoided by abandoning the 
operation before sacrificing any of the blood flow already present 

The problem arises as to the age to elect to operate upon the patient with 
coarctation of the aorta If it is done too early, there is some question as to 
'V ether the site of anastomosis will grow with the patient If it is done too 
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late, the vessel wall may be so friable as to make the suture hazardous It 
would seem that 12 to 14 years of age would be the most satisfactory time 

SUMMARY 

1 Three patients (age 13, 17 and 20) with the infantile type of coarcta- 
tion of the aorta were operated upon 

2 In two patients the subclavian artery was divided^ and rotated down- 
ward to bridge the defect by an end-to-end anastomosis with the descending 
aorta In a third patient the operation had to be abandoned because of the 
atheromatous condition of the vessel walls, and the patient succumbed from 
hemorrhage m the immediate postoperative period 

3 The first patient obtained a good result with the blood pressure m the 
upper extremities returning to normal The second patient’s systolic blood 
piessure did not fall although the diastolic pressure returned to normal 

4 We believe that the use of the subclavian artery to budge the gap in 
the infantile type of coarctation of the aorta is worthy of further trial in 
selected cases 
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BATTLE WOUNDS AND INJURIES OF THE 
HEART AND PERICARDIUM 

Experiences in Forward Hospitals 

Paul C. Samson, M D 

Oakuvnd, Camfohnia 

Seventy-five patients with wounds of the heart or pericardium were 
cared for by surgeons of the Second Auxiliary Surgical Group in Field and 
Evacuation hospitals This is an incidence of 3 3 per cent in the group of 
patients with thoracic and thoracic-abdominal injuries (total of 2,267 cases) 
whose initial surgerj’- was performed by surgeons of the unit Fifty-seven per 
cent (43 cases) occurred m patients whose wmunds involved the thorax only 
One of the 75 injuries was due to a self-inflicted stab wound and 4 he remain- 
der were battle-incurred Fifty-three soldiers w'ere wounded by shell frag- 
ments and 21 by small arms fire There were 18 examples of wounds of the 
pericardium only and 57 patients had traumatic lesions of the heart itself 
The following report is based on the writer's personal experience and on 
a careful review of all additional records m the files of the unit This was 
supplemented in most instances by personal contact with each operating 
surgeon 


DIAGNOSIS 

It lias not ahvays easy to diagnose cardiac wounds and injuries m forward 
hospitals Electrocardiograms were not available and roentgenograms were 
limited for the most part to frontal and lateral films Fluoroscopy w’^as used to 
some extent but could have been employed more frequently In slightly more 
than 50 per cent of all cases the actual cardiac wound was undiagnosed prior 
to commencing surgery The thorax was opened in the maj'ority of these 
because of probable thoracic-abdominal involvement, or for the debridement 
of large sucking w'ounds In seven cases, suspected intrathoracic hemorrhage 
prompted exploration In three cases, the presence of a foreign body m the 
mediastinum was an indication. In 15 cases (including two patients who died 
in the shock ward) , the cardiac wound was discovered at autopsy 

In confirming the presence of cardiac injury, one finding alone is seldom 
conclusive (Table I) 

Frequently a cardiac wound may be suspected by thorough physical 
examination and accurate localization of external wounds Plotting of the 
missile track often can be done when examination is combined with roentgen 
studies showing the location of foreign bodies and the site of fractured ribs 
When the foreign body is in, or in the region of, the heart, it may appear 
fuzzy or double-contoured When localizing missiles within the cardiac 
shadow, heavy penetration must be used either by means of “bone technic” 
or the Potter-Bucky diaphragm Often a missile will be completely over- 
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looked in a thoracic film of usual exposuie Fluoroscopy may be used fre- 
quently to study the motion of the missile and whether or not it is included 
within the cardiac shadow in all projections The size and shape of the cardiac 
shadow may be altered and has been described as “water-bottle,” fuzzy, or 
enlarged The latter interpretation may be subject to question since the 
pericardium usually does not stretch appreciably ^\hen mtrapericardial fluid 
first develops In two cases where the cardiac outline was bluiied oi fuzzy 
on the roentgen film, opeiation disclosed considerable hemorihage into the 
pencaidial membrane and the aieolai tissue of the lover mediastinum 

Signs of anoxia may be present in patients with cardiac wounds Before 
attributing these signs to a cardiac lesion cai e must be exercised m eliminating 
other causes of oxygen want, such as extensive peritoneal contamination. 


Table I — Signs and Symptoms Suggesting Cmdiac Lesions* 


Suspicion from course of missile 22 

Roentgen evidence 

Toreign body in region of heart (4, labeled fuzzy or double contoured) 8 

Foreign body suspected in region of heart, not prored 2 

Alterations in size or shape of cardiac shadow S 

S> mptoms due to andtia 

Dyspnea 6 

Necessity for early and continuous oxygen administration 6 

Mental confusion or semi-stupor 5 

Cyanosis 3 

Signs suggestive of cardiac dysfunction 

Persisting tachycardia (120 or above) 8 

Arrhythmia (transient fibrillation 1, extra systoles 7) 8 

Bradycardia (below 65) 2 

Apical systolic murmur 2 

Friction rub precordial 2 

Paradoxical pulse 1 

Nausea and vomiting 1 

Cardiac tamponade 5 

(Recognized clinically 3) 

(Suspected but unt eated 1) 

(Unsuspected 1) 


This table is a compilation of the number of times that each sign or symptom was 
noted in proven cardiac cases In a few instances the findings were noted on the 
records but their significance was not appreciated until after the cardiac lesions had been 
discovered at operation or at autopsy 


multiple wounds, hemorrhage, and large hemothorax or piessuie pneumo- 
thorax There remain cases in which peritoneal contamination can be ruled 
out and m which hemothorax and hemorrhage have been coirected by thora- 
centesis and transfusion In these, there may be persisting dyspnea, cyanosis, 
or mental confusion which are out of proportion either to the visible thoracic 
damage or to the signs of continuing hemorrhage In such instances a cardiac 
lesion may be assumed to be the basis for the continuing anoxia 

Direct evidence of cardiac dj^sfunction may be encountered It is certain 
that more frequent cardiac examinations would have increased the number of 
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positive findings Thus, thiee medical officers made all eight observations of 
arrhythmia As with anoxia, othei causes of tachycaidia must be eliminated 
before it can be assumed that the continuing rapid pulse is of intrinsically 
caidiac origin A soft systolic apical muiniui is an exceptional finding ^ The 
one example of paradoxical pulse was noted in a patient wnth severe myocai- 
dial contusion who died m the shock waid Fiiction rubs weie heard preop- 
eratively in but twm patients In both, opeiation had been delayed and the 
lub became audible 24 houis after injtiiy Since a fiiction lub 01 splash was 
noted in eight additional cases postopeiatively, it is evident that a certain time- 
interval IS necessary for this sign to appeal 

Peisistent nausea wnth vomiting w'as seen duiing the pieopeiative period 
in one patient Such a finding is lare in uncomplicated thoracic wmunds and 
in the instance cited, it w^as possibly attiibutable to the cardiac wound 



Table II — 

-Type of Caidiac Wound, 57 Cases 





Lesion 




Anatomic 

Poition 

Involved 

Contusion 

Pure 

Laceiation 

Laceration 

and 

Contusion 

Perforated 

Chamber 

Embolism 
to Heart 

Total 

Ventncle 

Left 

7 

7 

5 

7 

0 

26 

Right 

5 

2 

2 

3 

2 

14 

Both 

3 

0 

2 

0 

0 

5 

Auncle 

Left 

0 

0 

0 

2 

0 

2 

Right 

1 

1 

0 

7 

0 

9 


Right auricle and 
right ventricle 


Total lesions 

16 

10 

10 

19 

2 

Deaths 

Total 

11 

1 

5 

9 

1 

Due to heart 
(rate) 

6 (37 5%) 

1 (10%) 

4 (40%) 

8 (42 1%) 

1 (50%) 


57 

27 

20 (35.1%) 


In comparison to the gieat fiequency wuth which it is noted in civilian 
cardiac injuries, tamponade was an unusual finding m war wounds of the 
heart the missiles were larger and, frequently, wide pericardial lacerations 
usually allowed ample drainage into the pleural cavity Tamponade always 
must be kept in mind because of its lethal potentialities The blood often 
comes fiom a cardiac chamber, but it may also come from a severed coronary 
blanch, from a vessel in the pericardium, or from the myocardium itself 
Death occurred twuce due to unrecognized tamponade although in one patient, 
with a severe thoracico-abdominal wound, it was suspected In this instance 
exploratory puncture w^as not successful because all the blood m the peri- 
cardium had become clotted In the three cases where tamponade was recog- 
nized, the diagnosis w^as based on the findings of distended neck veins, muffled 
heart sounds, and a “water-bottle” shape of the cardiac shadow Lowered 
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pulse pressures were not recorded in these three cases F'luoroscopy could 
have been used m determining whether or not pulsation was decreased or 
absent Hemopericardmm of from 50 to 150 cc was noted in five additional 
cases at operation In none had there been clinical evidence of increased intra- 
pericardial pressure 

A precordial crunch or click synchionous with heartbeat and associated 
with mediastinal emphysema was heard occasionally This sign was not 
indicative of cardiac trauma 



(ONTustD'ticwT 
SCATTLRED HLMORRHAGE^ 


Fig I — ^This patient was wounded by high veloc- 
ity machine gun bullets and he suffered a long gutter- 
wound of the sternum with multiple fractures of the 
cartilages on the left There were scattered patchy 
contusions of the right ventricle with an area of con- 
fluent intramuscular hemorrhage and softening near 
the apex “Cardiac” death 35 hours after wounding 


PATHOLOGY 

The cardiac lesions which were seen at surgery or autopsy have been 
classified as follows Myocardial contusion, pure lacerated or incised-type 
wounds, laceration with myocardial contusion, penetrating and perforating 
wounds of the chambers, embolus to the heart (see Tables II and III) Cases 
m which foreign bodies were found in the myocardium or chambers were 
placed in the various pathologic categories depending upon the type of myo- 
cardial injury produced, irrespective of whether or not the foreign body was 
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still present In general, the signs and symptoms exhibited, the indications for 
surgery, and the causes of death, differed m the various pathologic categoiies 
Insofar as operative therapy is concerned, contusive lesions of the myo- 
cardium are non-surgical Pathologically they are apparently identical to 
the contusions resulting from blunt trauma to the chest and from “steering 
wheel” injuries which have been described by Beck^ and Elkin In most 
battle-incurred contusions, however, the pathogenesis is different m that the 
contusive force often is propagated by the passage of missiles of varying size 
and usually high velocity in the immediate vicinity of the heart. The w^ounding 



CONTUSED LEFT VENTRICLE •. CROSS SECTION 
SHOWING ENDOCAPDIAL THROMBI- 


Fig 2 — This patient sustained an extensive tangenial sucking wound 
of the left chest antero-Iaterally Rib fragments, apparently acting as 
secondary missiles, caused a severe localized contusion of the left ventricle 
with superficial laceration of the epicardium and thrombosis of the epi- 
cardial veins The pericardium was intact Hemorrhage extended through 
the myocardium to the endocardium Mural thrombi were present in the 
chamber of the ventricle “Cardiac” death on the operating table, 17 
hours after wounding 


power of a missile is believed to be more directly proportional to its velocity 
than to Its size or shape ^ Thus, a high rate of eneigy is impaited to the 
tissues in the track of the missiles and particles of tissue thrown laterally pass 
their energy on, producing further damage In at least two patients, extensive 
niyocardial contusion resulted from fractured ribs or sternum acting as 
secondary missiles Among the pericardial cases, two wounds weie caused 
directly by rib fragments Such a sequence was found paiticularly in tangen- 
tial wounds None of the contusions in this series was believed due to “blast,” 
^ ® * a positive pressure wave in the atmosphere 
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In contusive lesions, the pathology consists of scattered or confluent pete- 
chial hemorrhages involving the myocardium over varying areas of one or two 
chambers (Fig l) The hemorrhage may extend through to the endocardium 
With actual injury to the endocardium, or with subendocardial hemorrhage, 
adherent mural thrombi may develop These have been found in five cases at 
autopsy (Fig 2) When extensive lesions are scattered along the acute or 
obtuse margin of the heart, the hemoiihage may involve the myocardium of 
both ventricles and extend into the interventricular septum Supeificial abra- 
sions of the epicardium and engorgement or thrombosis of the sub-epicardial 


Table III — 

■Deaths m Cardiac Lesions 








Right 




Ventricle 

Auricle 

Auricle 



— 




Right 


Lesion 

Left Right 

Both 

Left Right 

Ventricle 

Total 

Contusion 







Total deaths 

4 

4 

2 

0 1 

0 

11 

Death due to heart 

3 

2 

1 

0 0 

0 

6 

Type of cardiac death 

(c c \) 

(c,\) 

w 



(6) 

Pure laceration 







Total deaths 

7 

2 


1 


10 

Due to heart 

1 





1 

Type of cardiac death 

(c) 





(1) 

Laceration and contusion 







Total deaths 

2 

1 

2 



5 

Death due to heart 

1 

1 

2 



4 

Type of cardiac death 

(c) 

(c) (c c) 



(4) 

Perforated chamber 







Total deaths 

2 

1 


1 5 


9 

Death due to heart 

2 

1 


1 4 


8 

Type of card ac death 

(c h) 

ft) 


(c) (h b h t) 


(8) 

Embolism to heart 







Total deaths 


1 




1 

Death due to heart 


1 




1 

Type of cardiac death 


(c) 




(1) 


In Tables III VI VII and VIII all figures in parentheses represent deaths due to the heart itself Each 
sitnbol within the parentheses represents a single case of death due to the heart 

(c)=Death due directly to the cardiac lesion Usually sudden or rapid death 


from infarction fatal arrhythmias or lethal m> ocardial damage 1 1 cases 

(h)=Death due to exsanguination from the heart 4 cases 

(t)=Death due directly to tamponade 2 cases 

(x)=The heart lesion an essential contributory cause of death 3 cases 


vessels are often found When a major artery is contused sufficiently, throm- 
bosis IS probable The myocardium may show gross evidence of degeneration 
or actual necrosis Microscopically, there is interstitial hemorrhage which 
vanes m severity and extent The muscle fibers show fiagmentation, loss of 
striation, or advanced necrosis Eosmophilia, leucocytic infiltration, and 
beginning phagocytic removal of necrotic muscle have been observed as early 
as 1 8 hours following injury 

In the group of contusions there was a death rate of 37 S 
to the cardiac lesion itself (Table III) Of the 16 cases of myocardial con- 
tusion, nine had an intact pericardium 


1132 



Volume 12V 
dumber C 


BATTLE WOUNDS— INJURIES OF HEART-PERICARDIUM 


The othei types of m}Ocaidial damage listed above may be classified as 
“potentially suigical” lesions. In the laceiation category aie placed all cases 
vith incised-type oi cleanly laceiated wounds of the myocardium m which 
theie was no gioss evidence of m3 0caidial contusion or necrosis. Two cases 
i\ ith foi eign bodies m the m3'ocai dium ai e included here since the m3'^ocardial 
wound fitted this classification pathologically The less seiious nature of this 
t3^pe of wound is demonstiated b3 the single death due to the heait in ten 
cases of puie laceiated wounds 

When lacerated w’ounds aie associated wuth extensive contusion, the lesion 
is a serious one In this group the typical gioss appearance is that 
of a m3mcardial laceiation, the edges of wdiich are elevated and discoloied 
and show^ areas of hemoiihage The edges may be friable so that attempted 
suture and appioximation aie fi aught with difficulty In this category theie 
was a 40 per cent death late due to the heait 

In wounds penetiating to the chambers of the heart, hemoirhage is the 
most fiequent complication and the most important cause of death The 
hemorrhage may be slight, exsanguinating, or cause tamponade Frequently, 
penetrating or perforating wounds of the chambeis do not result m exsanguma- 
tion because the missile may pass tin ough the myocardium at an angle so that 
the wound is partiall3^ closed A small penetrating wound may become 
occluded by clot The position of the right auricle offers some protection m 
wounds of this chambei since the lung may collapse against the auricle and 
temporarily control hemorrhage As wuth other cardiac wounds there may be 
associated laceiation and contusion of the myocardium which complicate 
surgery and repair The death late due to the heart among cases of wounds 
penetrating the chambers w^as 42 pei cent 

There w^ere six cases of peiforating (through and through) wounds of 
the chambers in this senes Two occurred m the left ventricle and both sui- 
Yived followung sutuie One of these cases has been reported in detail else- 
where*’ In foui cases of perfoiation of the auricles there were three deaths 
No case of perforation of the mterauiicular or interventricular septum sui- 
vived to reach a forw^ard hospital 

Instances of foreign body embolism to and from the heart form a small but 
interesting group There were four examples in this series In two the missile 
came to rest in the right ventricle by way of the inferior vena cava In one 
of these the situation w^as recognized and a 45 caliber bullet successfully 
removed ® 

In the other case the shell fragment “disappeared” after having entered 
the body through the right flank The initial thoracic roentgenogram revealed 
the questionable presence of a missile just above the left diaphragm near 
the midline The films were repeated later using soft tissue penetration tech- 
nique and the foreign bod3'^ was not visualized Over a period of nine days the 
patient had attacks characterized b3 decreased blood pressure, high fever, 
mental confusion, pallor, rapid pulse, and “shocky” appearance Malaria was 
suspected and the patient appeared to improve temporarily on quinine ther- 
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apy In retrospect the attacks could well have been due to myocardial ischemia 
Sudden death occurred ten days aftei wounding At autopsy the right ven- 
tricle was found to be greatly dilated and the myocardium overlying the 
foieign body was hemorrhagic and necrotic (Fig 3) Early removal of the 
shell fragment from the chamber of the right ventricle probably would have 
been hfe-savmg 



SWLll rRAGMtNT EMBOLIC TO RIGHT 
VENTRIC-J 


Fig 3 — Semi-schematic transparency of a shell fragment, aoxis-s-io 
mm which became embolic to the right ventricle by way of the inferior 
vena cava The overlying musculature was hemorrhagic and necrotic over 
an area 4 x 5 cm near die apex The right ventricle was greatly dilated 
Sudden death 10 days after wounding 


As an embolus from the heart, the foreign body may enter the pulmonary 
circulation, become retrograde in the systemic venous circulation, or enter the 
systemic arterial vessels In one case in this series the missile entered the 
right auricle, dropped into the inferior vena cava, and eventually was recov- 
ered from the left common iliac vein ® In the fourth case a bullet entered the 
left ventricle and came to rest m the right flank region, presumably in the 
right common iliac artery The patient had no symptoms of arterial 
obstruction 
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OPERATIVE TREATMENT 

Ten of 1 6 laceiated wounds of the m3^ocaidium which were exposed at 
operation were not repaiied (Table IV) There seemed to be no immediate 
ill effect lesulting from lack of lepair Further, of the cases of laceration seen 
at autops)^ only, none of the deaths weie believed to be due to lack of repair 
A repair was listed as complete if the edges of the laceration had been 
entirely approximated with sutuies (Fig 4) Paitial lepair (two cases) was 
that in which complete appioximation of the edges could not be obtained and 
pericardium was used to help bridge the defect (Fig 5) The pericardium 
was fiequently employed as a secondaiy covering being either sutuied over 


Table IV — Incidence Repair Heart Lesions 



Ventricle 


\uncle 

Right 

Auricle 

Right 

Ventricle Total 

Left 

Right 

Both 

Left 

Right 

10 I esions <5een autopsj only Lac 

1 

1 

2 

0 

0 


4 

Perf 

1 

1 


1 

3 


6 

29 Lesions seen at operation Lac 

11 

3 

0 

0 

1 

1 

16 

Perf 

6 

2 

0 

1 

4 

0 

13 


19 

7 

2 

2 

8 

1 

39 

Of 29 cases visualized at operation 








Complete repair of Lac 

1 

2 

0 

0 

0 

1 

4 

Perf 

6 

1 

0 

1 

2 

0 

10 

Partial repair of Lac 

2 

0 

0 

0 

0 

0 

2 

Perf 

0 

0 

0 

0 

0 

0 

0 

No repair Lac 

S 

1 

0 

0 

1 

0 

10 

Perf 

0 

1 

0 

0 

0 

0 

1 

Repair attempted and 








failed Lac 

0 

0 

0 

0 

0 

0 

0 

Perf 

0 

0 

0 

0 

2 

0 

2 


LaceraUon=Wounds with and without contusion 
Perforation=Penetration or perforation of chambers 
* 39 lesions exclusive of pure contusions and embolus to the heart 


the closed wound or sutured to the lips of a poorly approximated wound The 
edges of the pericardium were imbricated in some cases to give additional 
strength When the pericardium was sutured over a myocardial wound it was 
first drained posteriorly Note was made in two cases of the use of free 
muscle grafts to aid in the control of bleeding 

Of 13 wounds involving the cardiac chambers, complete closure was 
obtained successfully in ten One wound was not bleeding at the time of 
operation and was not sutured In two auricular wounds, closure could not be 
accomplished and the patients died of uncontrollable hemorrhage In both, 
attempts were made to plug the defect m the auricular wall with the finger 
The foreign body was described as in the heart or pericardium in 21 cases 
The typical removal of a foreign body is shown in Figure 6 
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Thcfae figures show a low percentage of lemov.il Tlic majonty not 
lemoved weie small fiagments, 05 cm 01 less In seveial, the condition of 
the patient did not \^arlant fuither seaich The foieign bodies marked “prob- 
able” weie not definitely located but from roentgen evidence and operative 
findings, their piesence m the peiicardial sac seemed likely Of the eight 
foreign bodies found at autopsy, the missile was diiectly lesponsible for one 
death (embolus to the heait) and jDOSSibly for a second death (See also 
Analysis of Deaths ) 



* * 

lACLKATCD WOUND OF IWt 
WYaARDlUM WITHOUT 

smmou ... 


Fig 4 — Incised- type lacerated wound of the right ventricle with- 
out gross myocardial contusion In repair the sutures were passed 
through the muscle just at the bottom of the laceration and not 
through the endocardium Recovery 


THE PERICARDrUM 

There were 18 cases in which the pericardium alone was injured In 14 
the wounds were lacerated and in four, foreign bodies were embedded in the 
pericardium Two of these were metallic and two were rib fragments Of all 
the wounds in which the pericardium was opened it was sutured tightly m five 
cases, in the remainder the pericardium was drained into the pleural cavity 
In two of the five cases (one, a pure pericardial injury and one a myocardial 
wound) there was massive troublesome pericardial effusion postoperatively 
This was not noted in any of the cases which were drained 
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POSTOPERATIVE FINDINGS 

111 the patients that lived, certain findings relative to the heart were 
recorded Eight patients developed friction rubs approximately 24 hours post- 
operatively and some of these were audible up to three weeks One patient 
had numerous extra systoles for three days following operation Three patients 
suffered significant myocardial accidents during the postoperative period 
One showed mild symptoms and signs of myocardial infarction 19 days follow- 
ing a self-inflicted stab wound The second patient had had extra systoles 
preoperatively He developed sudden precordial pain, circulatory collapse and 
transient auricular fibrillation 24 hours after operation (33 hours after injury) 

Frequent extra systoles were pres- 
ent for 14 days thereafter. At opera- 
tion there was a clean superficial 
laceration of the left ventricle at the 
apex and it was necessary to ligate a 
terminal radicle of the anterior de- 
scending branch which was continu- 
ing to bleed The third patient had a 
repair of a wound which penetrated 
to the left ventricular chamber Fif- 
teen days following operation he was 
suddenly seized with severe precor- 
dial pain Dyspnea, cyanosis, and 
pulmonary edema developed Acute 
left ventricular failure was diag- 
nosed He was somewhat improved 
m four hours and was asymptomatic 
by the end of 48 hours 

One patient developed complete 
right-sided hemiplegia At operation, 
a 3 cm laceration of the left ventricle was discovered A second patient with a 
lacerated wound of the left ventricle entered the shock ward with a cold, 
pulseless left foot which did not completely return to normal for 36 hours 
One must consider the possibility that the complications m these two cases 
were due to emboli resulting from the detachment of mural thrombi 111 the 
left ventricle 



Fig 5 — (Reprinted with permission 
Surgery, 20 373, 1946) Use of 

pedicled graft of pericardium in strength- 
ening the repair of a lacerated perforating 
wound of the left ventricular chamber In 
this case the muscle sutures did not en- 
tirely arrest bleeding Recovery ® 


ANALYSIS OP DEATHS 

There were 30 deaths in the entire series Three were among the 18 cases 
® pericardial wounds All of these occurred more than 48 hours following 
operation and none was due to the pericardial involvement Twenty-seven 
eaths occurred among 57 patients with myocardial lesions , of these, 20 were 
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due diiectly to the heait This is a “caidiac” deatli late of 35 pei cent The 
lemaining seven deaths weie due to the seventy of thoiacico-abdoininal 01 
esophageal wounds, shock, bronchopneumonia, and anuria 

Tables VI and VII give a breakdown according to time and cause of 
death Of the ii “myocardial” deaths (c), four were in poor condition on 
admission and died either before 01 duiing operation One was apparently in 
good condition and died suddenly during operation Six died postoperatively 
Three of these died suddenly and without warning, thiee died shortly after 
s}mptoms of myocardial infarction had developed In the three cases where 
the heart was considered an essential contributory cause of death (x), the 
caidiac lesion was extensive in all Other wounds were also severe and it 
cannot be said, therefore, that the heart was the sole cause of death 

In Table VIII the cardiac deaths have been analyzed with reference to 
Liie possible surgical coi rection of the cardiac lesion This includes the removal 
of foreign bodies and the sutuie of lacerations or perforations As expected, 
none of the contusions could have been helped by suigery In the single 
patient with pure myocardial laceration who died immediately following 



Table V - 

-Fate of Foreign Bodies 



Pericardium 

Pericardial Sac 

Myocardium 

Completely in 

Chamber 

Number of cases 

4 

3 (2 probable! 

10 

4 (2 embolic) 

Removed at operation 4 

1 

3 

1 (embolic) 

Not removed 

0 

2 (both probable) 

7 

3 

Found at autopsy 



(5) 

(3) 


surgery, there is no evidence that sutuie would have been beneficial In this 
case there was an early pericarditis from contamination by stomach contents, 
but its significance cannot be evaluated Of five cases of myocardial laceration 
and contusion (including one repaired peiforation), the damage appeared to 
have been lethal in four and no conceivable further repair would have 
changed the fatal outcome In three of these, for example, the anterior descend- 
ing branch of the left coronary artery had suffered a traumatic thrombosis for 
at least half its length while the fourth patient again had an early pericarditis 
from contamination with stomach contents The fifth case, in the “possibly 
benefited” column, concerns a retained foreign body In this instance the 
patient died suddenly four hours following debridement of his thoracic wound 
At autopsy a shell fragment, 15x10x10 mm , was found lying m contact with 
the sternum It was in a shallow, contused, lacerated wound of the right ven- 
tricle at the base of the pulmonary conus It is possible that the continued 
presence of the foreign body was instrumental m propagating fatal ectopic 
stimuli Removal might well have been beneficial The pericardium contained 
150 cc of liquid blood, but it w^as not tense, and the mode of death did not 
seem to be that of pressure from tamponade 
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The fatal embolus to the light veiitiicle has been desciibed pieviously. Its 
eaily removal piobably i\ould have been life-saving 

As might be expected, the laigest gioup which could have benefited fiom 
surgeiy was that in which penetiation of the chamber had occuiied Success- 
ful repair of the defect in the six cases listed would piobably have been life- 
saving Of the foul dying from exsanguination (h), one died in the shock 
ward and two died on the table The fouith case had an unrecognized per- 
forating wound of the light auricle The patient's original hemoirhage seemed 
to have ceased at the time of debridement of the thoracic wall, but there was 
rapid exsanguination befoi e fui ther surgery could be pei formed 36 hours after 


Table VI — Total Deaths (Among 57 cases with myocardial wounds) 


Time of Death 

Pure 

Thoracic 

Thoraco 

abdominal 

Total 

Preoperative 

Total deaths 

1 

1 

2 

Due to heart 

(h) 

(c) 

(2) 

Dui ing or immed postoperatn e 

Total deaths 

S 

S 

10 

Due to heart 

(c, c, h, t) 

(c, c, h, t) 

(8) 

1-S hours postop 

Total deaths 

1 

3 

4 

Due to heart 

(c) 

(c, \) 

(3) 

6-12 hours postop 

Total deaths 

0 

2 

2 

Due to heart 

(0) 

(0) 

(0) 

13-24 hours postop 

Total deaths 

s 

1 

6 

Due to heart 

(c, h, \) 

(c) 

(4) 

25-48 hours postop 

Total deaths 

0 

1 

1 

Due to heait 

(0) 

(v) 

(1) 

Ovei 48 hours postop 

Total deaths 

1 

1 

2 

Due to heart 

(c) 

(c) 

2 

Deaths (total) 

13 

14 

27 

Due to heart 

10 

10 

20 


injury One of the two fatal cases of tamponade (t), was entirely unsuspected 
The second case was lecognized too late, although it is probable that the 
patient eventually would have died from his seveie thoracico-abdominal 
wounds The mode of death m the seventh case (c), is difficult to explain 
Death was sudden and, therefore, probably due to myocardial dysfunction 
The patient had a through and through wound of the left auricle There was 
approximately 100 cc of blood m the pericardium although no evidence of 
tamponade One can only speculate as to whether or not repair of the defects 
would have been successful in preventing the immediate death It is probable, 
however, that the patient could not have long survived without repair 
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THE TIME AND PLACE FOR CARDIAC SURGERY IN WAR WOUNDS 

It IS particularly difficult to decide these matters when confronted with 
war wounds of the heart When a cardiac wound is suspected, a judgment 
should be made if possible as to the type of pathology present and as to the 
presence or absence of a foreign body in the heart or pericardium Three 
questions must be answered ( i ) Can the cardiac lesion itself be corrected by 
surgery^ (2) If so, should this surgery be performed m a forward hospital 
or at the base^ (3) What is the effect of the cardiac status on the patient’s 
ability to withstand needed surgery for other wounds ^ By contrast to civilian 
cardiac wounds, the heart in war casualties is often but one of several organs 
involved and both the diagnosis and the decision as to time of operation are 
compliated by the presence of multple injuries 

The problem may be partially simplified by considering each type of 
myocardial injury more or less separately When a contusion is suspected, 
decision must be made as to when to operate on concomitant wounds As 


Table VII — Time of Occurrence of Deaths Due to Heart, Segregated by "Lesion” 

Number of deaths occurring 





During or 








Immed 

1-S 

6-12 13-24 

25-48 

Over 

Cardnc Lesion 

Preop 

P 0 

hr p 0 

hr p 0 hr p 0 

hr p 0 

48 hr 

Contusion 

(6) 

(c) 

(c) 

(X) 

(c x) 

(x) 


Pure lac 

(1) 


(0 





Lac and contiis 

W) 


(c) 

(c c) 

Cc) 



Perf chamber 

(8) 

(W 

(c h h t, t) 


(h) 


Vl; 

Embolus to ht 

(t) 






(0 

Totals 

f20) 

(21 

(8) 

(V 

(4) 

(1) 

U) 


stated above, the contusion, per se, is not a “surgical” lesion The fact that 
SIX of II deaths in the contusion group were due to the heart shows that 
these patients were not good operative risks The diagnosis of a cardiac con- 
tusion should not be extremely difficult since it has been noted in the 
present series that the majority of signs and symptoms indicative of anoxia 
and of cardiac dysfunction (persistent dyspnea, tachycardia, arrhythmia, etc ) 
were found in patients who had significant contusions of the myocardium 
In myocardial contusion, the clinical and pathologic picture is thus similar 
to that in myocardial infarction following coronary thrombosis, and we have 
felt that these patients might well be handled as if they had an acute coronary 
occlusion If this analogy be carried further, then the first 24 to 48 hours is 
an extremely critical time for surgical intervention since the danger of cardiac 
standstill and lethal arrhythmias may be enhanced by anesthesia or operative 
manipulations In many cases, however, attention must be given to other 
serious concomitant trauma, especially thoracic-abdominal wounds where 
undue delay in surgery usually is disastrous Under these circumstances it is 
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best to piepare the patient as thoroughly as possible consistent with the major 
sin gical lesion The mortality rate in such cases inevitably will be high. There 
lemains a gioup of cases with purely thoracic wounds m which early surgery 
(within SIX to 12 hours) is not mandatory and wounds m which delay, 
because of a cardiac contusion, may be practicable 

Viewed from this standpoint the cases of contusion were reviewed There 
were three, all with a fatal outcome, in which it was felt that further delay m 
surgery probably w^ould have been beneficial Two had thoracic wounds and 
one had a high thoracico-abdominal ivound m which it w^as obvious that only 
the liver w'as involved The time lag between wounding and surgery was 17, 
II, and 5 hours lespectively In each instance, signs of cardiac dysfunction 
w^ere prominent During resuscitation the patients remained in poor general 
condition in spite of an increase of the blood pressure to 95 or above Rapid 
pulse, dyspnea, and semi-stupoi weie out of proportion to the obvious intra- 
thoracic damage In each instance death occuired during, or shortly following 


Table VIII — Caidxac Faiahites (20) With Reference to Sw gical Correction 



Would Have Been 

Possibly 

Could Not 

Cardiac Lesion 


Benefited by 

Would Have 

Have Benefited 

No of Deaths 


Sur^jery 

Been Benefited 

From Surgery 

Contusion 

6 

0 


6 

Pure lac 

1 

0 


1 

Lac and cont 

S* 

0 

1 (c) 

4 

Perf chamber 

7 

6 (h h h h, t, t) 

1 (0 


Embolus to heart 

1 

1 (c) 




(20) 

(7) 

(2) 

(11) 


* This includes one case of perforation of chamber which was successfully repaired 
but died a "myocardial death” because of extensive laceration and contusion 


surgery We have also studied the record of a fourth case (not included in 
this series) in which there was a single thoracic wound, a six hour lag, and 
sudden death on the operating table At autopsy this patient showed exten- 
sive contusion of the 1 ight venti icle and thrombosis of the anterior descending 
branch of the left coronary artery While any of these four patients might well 
have died without operation, surgery could not be deemed mandatory at the 
time it Avas performed The added burden of an anesthetic and an operative 
procedure cannot be ignored as probably precipitating the fatal outcome 

In contrast to the relatively early surgeiy in these four patients, two other 
cases may be cited in which initial surgery w^as considerably delayed (three 
and five days after wounding) Both Avere in shock on admission to the hos- 
pital and cardiac contusions were diagnosed In one, a friction rub was audible 
24 hours after wounding and the pulse lemamed ovei 120 beats per minute for 
48 hours The second patient had intermittent periods of cardiac arrhythmia 
foi four days, associated wuth excessive bronchial secretions and jaundice 
Soth patients recovered from surgery It was our strong feeling that operation 
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pel formed in either case at 12 hours or less might have ended disastrously 
In summary, when a cardiac contusion has been diagnosed and indications for 
early operation such as continuing hemorrhage or thoracico-abdominal involve- 
ment are not present, surgery probably should be postponed for a minimum of 
48 hours, to give every oppoitunity foi myocardial irritability to regress 

The feasibility of eaily thoracotomy for the express purpose of suturing 
cardiac lacerations cannot be settled With cleanly-lacerated or incised wounds 
there are few if any symptoms of cai diac dysfunction and damage to the heart 
can only be suspected from the couise or location of the missile or from a 
possible tamponade Of the laceiations exposed surgically in this series of 
cases only 38 per cent were lepaired and there appeared to be no immediate 
disability from lack of lepaii Certainly some lacerations should be untouched 
since attempts at sutuie may lead to further difficulties Such wounds include 
the superficial, non-bleeding lacerations of one or two mm in depth, partic- 
ularly if they involve the musculature of the left ventricle, round or oval 
lacerations especially m the region of the apex, and lacerations near a major 
coronary vessel, the repair of which might cause thrombosis Shallow ovoid 
lacerations frequently remain after a superficial foieign body is removed 
(Fig 6) and repair may not be necessary When the heart is exposed for 
any reason, however, the sutuie of certain lacerations is better accomplished 
at a forward hospital It is probable that no efficient repair can be performed 
in a base section hospital ten 01 moie days after injury Reti action of edges of 
the myocardial defect and induration from fibroblastic tissue proliferation 
combine to defeat a good approximation 

Penetrations or perforations of the cardiac chambers aie usually manifest 
by continuing hemorrhage and eaily surgery is mandatoiy If foreign bodies 
are found or if it is suspected that they are in the chambeis, an attempt 
should be made to remove them at the same time, but it should be remembered 
that the main indication for operation at this time is the control of hemorrhage 
Long-continued search or blind manipulations within the chambers aie not 
justified If the missile is not found almost immediately, the defect should be 
sutured and fuither consideration given to removal of the intracardiac frag- 
ment at a base hospital 

If the bleeding causes tamponade rather than exsanguinating hemorrhage, 
the treatment may be moie individualized Should the tamponade develop 
lapidly it IS probably better to operate at once, particularly if it is known 
that the missile causing the injury is large If, howevei, the tamponade 
develops slowly, one or two aspirations may suffice as has been suggested by 
Stiieder'’^ and Blalock,® and major surgery may not be necessaiy 

When foreign bodies are suspected of being in the pericardium or myo- 
cardium their removal should be postponed until the patient can be evacuated 
to a base section center unless hemoirhage persists or symptoms of cardiac 
dysfunction recur Two othei factois enter into the considered opinion for 
recommending a delay in the removal of cardiac foreign bodies In the present 
series, nine of the 13 missiles believed to be in the pericardial sac or myo- 
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carditim were not removed Fuitheimore, Harken® in a base section thoracic 
center operated on 56 patients for the removal of missiles from the heart or 
pericardium None of these patients died 

Metallic foreign bodies may come to rest m a cardiac chamber either by 
traversing the myocaidium directly or by embolism through the pulmonary or 
systemic venous system Cases of foreign body embolism to the heart are now 
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Fig 6 — (Reprinted with permission from J Thor Surg, 15. 
I, 1946 ) A case in which the shell fragment was removed 40 hours 
after injury Cloth was attached to the foreign body The missile 
was known to be m the myocardium and was relatively large (20 
X 13 X 9 mm) The myocardial defect was oval and the muscle at 
the edges was necrotic and soft No repair of the muscle was 
attempted but the pericardium was sutured over the defect Re- 
covery (Illustration courtesy of L A Brewer 2 ®) 


being recognized more frequently In the past, their removal has been the 
subject of much discussion While some intracavitar3>- missiles have 

remained asymptomatic, others have caused death from primary pulmonary 
embolism ,^2, 13 secondary pulmonary embolism focal infection and direct 
myocardial damage In one of Harken’s^'’'’ cardiotomies myocardial thinning 
''as seen m the right ventricle overlying an embolic shell fragment 
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In 1938 Decker reviewed 20 personal and collected cases of foreign bodies 
which were free in the cardiac cavities Four of these were subjected to 
cardiotomy with one death (25 per cent) , 16 were not operated upon and 
there were nine deaths (56 per cent) It is apparent that improved surgical 
technic and better anesthesia have combined to reduce greatly the risk of 
cardiotomy Witness Harken’s recent senes of 13 cases in which intracavitary 
missiles were removed with no mortality 

Our present attitude regarding “potentially surgical” war wounds of the 
heart may be summarized as follows The only absolute indication for early 
cardiac surgery in forward hospitals is continuing severe hemorrhage or 
immediate cardiac tamponade When the heart is normal m size and there 
are no disturbances of physiology, mere suspicion of a cardiac wound is not, in 
itself, sufficient indication for early thoracotomy All patients who remain 
asymptomatic during the early period after wounding should be evacuated 
without specific cardiac surgery for final study and evaluation in a specialty 
hospital If the patient is admitted to a forward hospital with signs of cardiac 
dysfunction (disproportionate dyspnea, arrythmias, etc ) it is probable that 
myocardial contusion is present This finding demands that all surgery be 
postponed for at least 48 hours whenever possible When delayed or recur- 
ring episodes of myocardial irritation, bleeding or infection occur, corrective 
surgery should be undertaken in forward hospitals for the removal of foreign 
bodies and the repair of lacerations 

Nearly all intracavitary missiles should be subjected to delayed removal 
at a base section center On the other hand, recognition that the foreign body 
in the chamber is causing cardiac disability or is the source of secondary 
emboli, constitutes an indication for early removal m a forward hospital 

COMMENT ON EXPOSURE AND SURGICAL TECHNICS 

When a “surgical” cardiac wound is diagnosed, adequate exposure through 
an elective approach is mandatory In the presence of exsanguinating hemor- 
rhage, for example, the tragedy of inadequate exposure has been experienced 
For most purposes an anterior approach is greatly preferable and an inter- 
costal incision always should be employed unless the corresponding rib is 
badly fractured The third or fourth intercostal space offers the best exposure 
for the auricles and the fifth or sixth for the ventricles In general, more of 
the right ventricle can be exposed through a lejt-sided incision than through 
a right-sided thoracotomy 

The incision should be carried to the sternum and the internal mammary 
vessels ligated and divided When necessary, increase in vertical exposure 
may be obtained by division of one or more cartilages Further horizontal 
exposure is facilitated by transverse section of the sternum at the level of the 
intercostal incision ® The approach should be transpleural in all instances 
We believe strongly that no time should be wasted in attempting an extra- 
pleural operation Such a procedure takes longer, exploration is more difficult 
and the exposure is not as satisfactory particularly for posterior wounds In 
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addition, the usual hemothorax makes extrapleural exposures impractical 
While it has not been employed by us, mention should be made of median 
extrapleural sternotomy of the Duval Barasty type,^ for cardiotomy on the 
right heart Both auricles and ventricles are exposed simultaneously and the 
possibilities of missile migration from one chamber to another may thereby 
be lessened 

Ten cc of 5 per cent procaine usually have been injected into the peri- 
cardial sac for several minutes before exposing the heart This materially cuts 
down the incidence of ectopic beats while the heart is being handled Several 
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Fig 7 — (Reprinted with permission from Surgery, zo 373, 1946) For- 
ward rotation of the apex of the heart by the hand of the assistant surgeon 
The diaphragmatic surface of the heart can thus be well visualized By spread- 
ing the fingers any portion of this surface can be readily sutured ^ 


maneuvers have been emploj^ed in manipulating the heait Foi anteiioi lesions, 
the “palming” method,^ or the Sauerbruch grip has advantages By the former 
means the third, fourth and fifth fingers are passed behind the heart, the index 
finger is passed in front, and the thumb is free to apply hemostasis or lateral 
pressure m stabilizing a missile In exposing the diaphragmatic surface, some 
5 >urgeons prefer the apical suture The writer, however, has felt that the hand 
of the assistant makes a much better retractor (Fig 7) The apex of the heart 
can thus be rotated nearly 90° forward and the cardiac movements are con- 
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siderably dampened By spreading the fingers a slotted type of retractor can 
be simulated which will expose any portion of the wall ® 

We owe much of our knowledge of suturing technics to the well-known 
writings of Beck, Elkin, Bigger,^® and others The general principles which 
they have promulgated foini the background for most cardiac repair Our 
chief concern here is in the emphasis on certain technics which are particu- 
larly valuable m dealing with large wounds Suture material should be of 
braided oo or ooo silk, preferably oiled or waxed A small-eyed or atraumatic 



Fig 8 — Ideal repaii of a penetrating wound of the ventricular chamber with lacera- 
tion, contusion, and softening of the muscle The repair makes use of a free graft of 
voluntary muscle and imbrication of the pericardial edges over the myocardial defect 
Note the posterior drainage of the pericardium 


needle should be used Interrupted sutures always should be employed and 
should be placed close to the edge of the wound They should be tied without 
undue tension, and during systole if possible Pressuie necrosis of the wound 
edges, particularly in wounds involving the chambers may lead to secondary 
fatal hemorrhage The sutures should not be passed through the endocardium 
as this increases the possibility of thrombus formation (Fig 4) In the repan 
of auricular wounds however, this may be impossible to avoid In general, 
laceiations of the right ventricle are easier to repair than those of the left 
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and since the wall of the light ventiicle is thinnei, it should be lepaiied more 
often The justification for repair lies m the fact that the scar from a repaired 
laceration is stiongei and the wall is thickei than if no repaii is pei formed 
Complete sutuie, oi lepair of some type is necessary if the bottom of the 
laceration feels thin oi if there is any bulging Without adequate suture m 
cases of this kind, latei aneuiysm of the myocardium may result and instances 
have been lepoited by Loison 

Some laceiations because of loss of substance, or surrounding contusion 
and neci osis ai e difficult if not impossible to suture completely Considerable 



WOP^llMG WOUNDS OF THE AURICLE 

! MODinrD AfTEP 6tCV. 

_ 2 MODIFIED ArTEP ELPIN 

Fig 9 — The closuie of large auricular wounds i Modified after Beck (see 
text) , 2 Modified after Elkin (see text) 


ingenuity must be exeicised, particularly if a chamber has been opened Fiee 
muscle giafts are useful in this connection and should be employed moie fre- 
quently They can be laid in the defect and held in place by fine sutures This 
not only helps to fill the defect but is mstiumental in stopping hemorihage oi 
myocardial ooze (Fig 8 ) As a further remfoicing mechanism, the peri- 
cardium always should be sutuied over the aiea of repaii (after first providing 
drainage more posteriorly into the pleuial cavity through a cruciate incision) 
The edges of the pericardium may be used and, when necessary, sutures ma)’- 
be taken into the epicardium or myocaidium at the edge of the defect (Fig 
5) The pericaidium combines veiy nicely with a free muscle graft in giving 
a solid repair 
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Wounds penetrating the chambers of the heart should be sutured even 
though not bleeding when first exposed Later loosening of clot may lead to 
secondary hemorrhage if the wound has not been repaired Large wounds of 
the auricles deserve special mention Even a 3 cm wound of the auricle 
may not lead to immediate exsanguination The lung may collapse against 
the auricle or a clot may form, each preventing fatal hemorrhage The usual 
maneuver of occluding the defect with a finger, as employed in penetrating 
wounds of the ventricles, cannot be used m auricular wounds because of the 
thinness of the wall If sutures cannot be placed at once, each edge of the 
auricular wall should be grasped with one or two fine hemostats These may 
then be held m approximation or ligated temporarily until sutures can be 
properly placed (Fig 9) If the wound is at the edge of the auricle it can be 
completely occluded with a rubbershod forceps while the wound is being 
sutured (Fig 9) Perforating (through and through) wounds of the cham- 
bers may be repaired successfully if both wounds can be exposed No means 
has yet been discovered of repairing a wound of the posteromesial (or medias- 
tinal) surface of the right auricle Two patients with this type of wound died 
from exsanguination but in both the hemorrhage came from the “free” 
wound If the latter could have been repaired it is possible that the medias- 
tinal perforation would have sealed off 

When branches of the coronary arteries are bleeding careful ligature or 
suture of the individual branch is necessary If fine metal clips are available 
they may be used as Beck has suggested 

Only certain aspects of closure need comment We have used interrupted 
silk throughout The pericardium should be drained posteriorly into the 
pleural cavity by means of a cruciate incision If the sternum has been tran- 
sected It should be wired firmly In the presence of extensive intrathoracic 
injury we have employed intercostal water seal drainage of the pleural cavity 

SUMMARY 

1 Seventy-five cases of war wounds of the heart and pericardium were 
given initial care by surgeons of the Second Auxiliary Surgical Group This 
series comprised three and three-tenths per cent of all intrathoracic wounds 
operated on by members of the unit 

2 The cases have been reviewed with regard to diagnosis, pathology, oper- 
ative treatment and postoperative course 

3 The causes of death have been analyzed with respect to the cardiac 
lesion and the probable influence of surgical intervention 

4 Based on observations of the participating surgeons and from personal 
experience both m forward and rear echelon hospitals, deductions have been 
made as to the advisability of early or delayed surgery in certain types of cases 

5 Comment has been made on operative approach and technic, empha- 
sizing particularly the problems encountered m large wounds of the heart and 
m the phenomena of missile embolism 
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FRACTURES OF THE ACETABULUM 
The Natuie of tlie Tiaumatic Lesions, Tieatmenl, 

And Two-Year End-Results 

Mabshall R Upist, M D 
Chicago, III 

This is the second or a series of three papers concerned with the 
analysis of 58 injuries of the hip joint which occurred m jeep accidents in 
World War II in the European Theatre of Operations A previous paper has 
been concerned with dislocations of the hip joint The present paper deals 
with fractures of the acetabulum without dislocation A following paper will 
deal with fracture-dislocations The mechanism of injury in each group of 
cases, as determined from the case history and by the cn cumstantial evidence 
from associated injuries m the ipsilateral extremity, was the same with few 
exceptions The fiacture of the acetabulum was a first-stage or incomplete 
“dashboard type” fractuie-dislocation In all of these injuries the fractures 
create incongruity of the joint surfaces, which is the first consideration in 
treatment Damage to vascular structuies of the joint capsule are assumed to 
occur only in dislocations and f i acture-dislocations The development of late 
complications, including the role of mechanical and vascular factors, are to be 
discussed by means of a comparative analysis of a two-year follow-up study 
of all types of cases in the final paper 

The 16 cases of fractures of the acetabulum (Table I) to be presented in 
this communication fall into the following classifications 

Fracture of the rim of the acetabulum, five cases (three of the superior 
and two of the posterior rim) 

Central fracture, eight cases (seven fractures of the body of the pubis and 
inner table of the pelvis, one fracture of the anterior rim and superior ramus 
of the pubis with mtrapelvic protrusion of the head of the femui ) 

Comminuted or bursting fractuies disorganizing the entire joint cavity, 
three cases 

This division of cases fits m with many of the well-known textbook classi- 
fications ® It differs from the puiely moiphologic classifications m that it is 
not entirely theoretical, but based upon the morbid and roentgenologic anatomy 
of the region, upon present knowledge of the localization of function of vari- 
ous parts of the acetabulum, and upon the pioblems of treatment It will be 
shown here and later®^ that fractures which destroy a significant part of the 
superior and posterior rims of the acetabulum require open operation Frac- 
tures limited to the anteiior portion of the articular surfaces require only 
conservative treatment by means of traction More extensive fractures which 
destroy the entire joint surface do not respond well to any form of treatment 

* Formerly Major, Medical Corps, Army of the United States, Consultant in Ortho- 
pedic Surgery, 802nd Hospital Group, European Theatre of Operations, Chief of the 
Orthopedic Sections, 22nd and 97th (US) General Hospitals Now at the University of 
Chicago, School of Medicine, 951 East 58th Street, Chicago, 111 
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and usually result in great disability, frequently with associated ankylosis and 
degenerative arthritis 

THE TRAUMATIC LESION 

For intelligent evaluation and treatment of fractures of the acetabulum, 
certain important anatomic considerations must be clearly understood The 
weight-bearing surface of the acetabulum consists of a lunate or horse-shoe- 
shaped platform of bone covered with articular cartilage The anterior portion 
of the horseshoe, which is formed from the body of the pubis, is approximately 
half as wide as the superior portion The anterior rim may be excised, as in 
arthroplastic operations, without seriously altering the function of the joint, 
but the posterior rim is necessary for stability The superior shelving portion, 
which IS the thickest portion of the innominate bone, is vital for the weight- 
bearing function of the acetabulum 

Fractures of the posterior rim of the acetabulum of various magnitudes, 
and involving various portions of its lunate articular surfaces, are not uncom- 
mon, and have frequently been observed and repaired Fractures of the supe- 
rior rim are extremely uncommon, presumably because of the volume of the 
bone and the adaptation of the stress lines of the trabeculae in this region to 
the burden of the weight of almost the entire torso In one case of superior 
rim fracture in this series (case 18), at open operation the fragment contained 
0 5 cm of the width of the articular cartilage, and the entire iliofemoral ligament 
was attached to the outer cortex of the rim of the fragment 

Fractures of the central portion of the acetabulum in this series showed 
an infinite number of patterns and various degrees of displacement The 
variety associated with intrapelvic protrusion of the head of the femur has 
received the attention of many writers since 1788 when the lesion was de- 
scribed by Calhsen and later provocatively termed “central dislocation” by 
Kronlein in 1882 By 1928, with the new impetus from roentgen-ray methods 
of diagnosis, there were 138 cases of these rare injuries reported in the litera- 
ture Although many more cases have been reported since then, there are still 
great gaps in our knowledge of the traumatic lesion due to the inadequacy of 
routine roentgen-ray examinations, the lack of necropsy studies, and the infre- 
quency with which the fracture has been seen at open operation Additional 
case reports continue to be important for information m proper selection of the 
cases for different types of treatment, and for data on the end-results Most 
of the cases in the literature, like the cases reportd in this series. Were only 
partial protrusion and not the highly comminuted bursting type of fracture 
which IS almost irreparable A few of the cases illustrated in the literature are 
fractures of the body of the ischium and the triradiate seam of the acetabulum 
associated with a second fracture of the superior ramus of the ischium, but 
not much intra-pelvic protrusion was possible under these conditions In 
the majority of cases, when the head protrudes into the pelvis, there is a 
fracture of the anterior rim and the body of the pubis associated with a second 
fracture of the superior ramus of the pubis upon which the displacement of 
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the innei table of the pelvis hinges The head of the femur escapes into the 
fiactuie site, which is the anteiioi poition of the acetabulum, and the vital 
supeiioi and posteiior lunate cartilages escape relatively unharmed Usually 
the head is easy to di aw out of the fracture site and replace m normal apposi- 
tion to the hoi se-shoe-shaped cai tilage and it can be held there by traction for 



Fig 1-A — ^Roentgenogram of a fracture of the posterior nm of the 
acetabulum on the day of the injury as seen m the anteroposterior view The 
displacement of the fracture was not considered significant by this examina- 
tion (Case 19) 

eight weeks or until healing occurs The inner table of the pelvis remains dis- 
placed, but the anterior portion of the joint and the fracture site fill m with 
callus and are repaired by formation of new bone and fibrocartilage 

FRACTURES OF THE RIM OF THE ACETABULUM 

The three cases of fracture of the superior rim and the two cases of frac- 
ture of the posterior nm of the acetabulum in this series were diagnosed by 
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emergency i oentgenogi ams taken m field and evacuation hospitals The pa- 
tients wei e immobilized in hip spicas in 30° abduction, 20° flexion and neutral 
rotation and were transported without fuither tieatment 

Conseivahve Tieatment The degree of displacement and the size of the 
rim fragment determined the type of treatment for each case Re-examination 
with more elaboiate roentgen-ray equipment m fixed general hospitals m the 
communication zone, including postei lo-obhque views, revealed undisplaced 



Fig 1-B — Roentgenogram of the same case as illustrated in Figure 
1-A, six weeks after the injury as seen in the posterior oblique view This 
view demonstrates the displacement of the fracture When the hip was 
examined in flexion in this case, little more than half of the original lunate 
cartilage of the acetabulum articulated with the head of the femur, but the 
joint was stable 

or very slightly displaced fractures m two cases, and displaced fractures in 
three cases In one case the displacement was not appreciated until six weeks 
after the injury because of the failure to examine the fracture in the important 
posterior-oblique views (Case 19, Fig 1) In another displaced fracture 
(Case No 20) operative treatment was contraindicated because of severe 
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Fiactures of the posleiior iim of the acetabulum aie moie common and 
cue easily repaired by the posteiior appioaches which we have used with the 
same success as many others m recent years 

CENTRAL FRACTURES OF THE ACETABULUM 

The eight fractures of the acetabulum in this series (Table I) in which the 
rim of the acetabulum was largely intact and the head remained in the joint 

cavity are classified as central frac- 
tures In four instances there was no 
displacement In three instances there 
were fractuies of the dome of the 
acetabulum with displacement of the 
inner table of the pelvis for a dis- 
tance of about the width of the cor- 
tex One case (Case 28) lepresented 
the typical fiacture of the anterioi 
acetabulum and the body of tbe pu- 
bis with inti apelvic protrusion of the 
head of the femur and wide displace- 
ment of the inner table of tbe pelvis 
The patients weie immobilized in a 
Thomas splint or a spica, with the 
joint in neutral position and were 
evacuated fi om the combat zone 
without manipulation or othei treat- 
ment 

Consei'vativeT7 eatment On their 
arrival in general hospitals in the 
communication zone after further ro- 
entgenologic studies, all the patients 
were suspended in skeletal traction 
for six to eight weeks In the case 
of intrapelvic protrusion of the head of the femur (Case 28), reduction was ac- 
complished by the use of a trochanteric vertical Kirschner wire placed just in- 
side the lateral cortex The head of the femur was manually pulled out into 
normal relationship with the rim of the acetabulum by the use of the large size 
wire-tautemng bow for a handle The hip was suspended in a Balkan frame for 
eight weeks with five pounds’ lateral traction and ten pounds’ bilateral longi- 
tudinal skin traction through the lower extremities The ipsilateral side of 
the bed was elevated slightly for lateral countertraction Although the dis- 
placement of the inner table of the cortex was not modified by this treatment, 
the fracture site filled in with abundant callus within the four months that the 



Fig 2-B — Roentgenogram showing 
anatomical repair of the joint surface and 
internal fixation of the fracture, one week 
postoperative (Case 18) The screw should 
penetrate the inner table of the pelvis to 
obtain reliable immobilization of the frag- 
ment 
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patient was under observation The failure of the fracture site to follow aftei 
the extracted femoral head is similar to the observations made in the civilian 
cases reviewed (Table II) and is apparent m the “before and after” pictures 
of almost every case reported in the literature (Fig 3) 

EXTENSIVE COMMINUTED FRACTURES OF THE ENTIRE ACETABULUM 

In the three cases in this series (cases 29, 30 and 31) in which comminuted 
fiactures involved all portions of the acetabulum, the joint was disorganized 
and incongruent In two of the three patients m the group there was an asso- 
ciated fracture of the ipsilateral femur 

Emeigency management was limited to prophylactic treatment for shock 
The patients were immobilized m hip spicas m slight abduction and were im- 
mediately evacuated from the combat zone 

Conservafwe Treatment All three patients weie treated conservatively m 
traction Skeletal ti action by means of a Kirschner wire through the supra- 
condylar region aligned the fractures of the shaft of the femur but had little 
effect upon the fractures of the acetabulum It was assumed from the beginning 
in these cases that arthroplast}^ or fusion of the joint would be necessary at a 
later date 

FOLLOW-UP STUDIES 

The status of 14 of the 16 patients in this group could be determined at 
the end of two years by means of personal letters from them or from their 
physicians, by reports of examinations m United States Army hospitals, and, 
occasionally, by firsthand observation Unfortunately, it was not possible to 
locate the single patient with intrapelvic piotrusion of the head of the femur 
The results of fractures of the acetabulum in military personnel are to be 
compared with similar fractures m a group of patients, including two similar 
cases of intrapelvic protrusion, from the Fracture Service of the Massachu- 
setts General Hospital (Table II) 

At the end of two years, 11 of the 14 military patients followed had no 
serious disability Many, however, complained of mild pain, snapping or click- 
ing sensations m the j'oint, stiffness early m the morning, and discomfort from 
lifting heavy objects Patients with displaced fractures of the supero-posterior 
nm of the acetabulum appeared to have more symptoms and more disability 
than those with anterior nm or central fractures One patient (Case 19) with an 
unreduced fracture of the posterior rim had severe pain and some limitation of 
motion at the extremes of the normal range in all directions One patient 
(case 18), whose joint was accurately repaired at open operation, m contrast, 
lad a normal hip In both these cases the displaced fragment of the rim was 
relatively large If the fragments were smaller or thinner and carried less of 
tie articular cartilage with them, the important function of the joint would 
probably not be affected, regardless of whether or not they were replaced 
e three patients with extensive fractures of the acetabulum and destruction 

° the joint cavity had ankylosis and complete disability two years after the 
miury. 
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B 

Fig 3-A — Roentgenogram showing central fracture 
of the acetabulum with mtrapelvic displacement of the 
anterior rim of the acetabulum and the inner table of the 
pelvis The displacement hinges on the fracture of the 
superior ramus of the pubis indicated by the lower arrow 
(Case 28) Other arrows indicate the mam fragments 
Fig 3-B — Roentgenogram of the fracture in Figure 
3-A showing the head of the femur withdrawn from the 
fracture site by lateral skeletal traction through a vertical 
Kirschner wire m the greater trochanter The mam frag- 
ments of the fracture do not follow the head in this type 
of fracture (Case 28) 
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In two of the seven fractures of the acetabulum studied fiom the fracture 
service of the Massachusetts General Hospital (Table II), the head of the 
femur protruded into the pelvic cavity, and roentgenograms showed the 
typical features of displaced fractures of the body of the pubis and the internal 
table of the pelvis Treatment was the same as m case 28 of the military series, 
and in neither instance was there any disability at the end of one and three 
years respectively It is difficult to understand, in this type of central fracture, 
why even when there is mtrapelvic proti usion of the head of the femur, healing 
occurs without functional disability, regardless of the displacement of the 
inner table of the pelvis The explanation may be that the fractures in these 
cases affect the anterior rim, a nonessential part of the joint, and that the vital 
posterior and superior portions of the horseshoe-shaped articular cartilage are 
spared When, on the other hand, mtrapelvic protrusion of the head of the 
femui is associated with extensive fractures of the acetabulum and bursting 
of the triradiate seam of illium, ischium and pubis, oi with distortion of the 
rim of the acetabulum, the functional result is veiy poor The division of the 
cases of central fractures into these two categories would explain the dis- 
crepancy in results^’ reported in the liteiature foi the 

treatment of this type of acetabular fracture 

DISCUSSION 

The expel lence gained in the treatment of the cases i eported in this papei 
supports the impression leceived from a survey of the literature that the seii- 
ousness of a fiactuie of the acetabulum depends upon whether the superioi 
and posterior portions of the lunate articular cartilage aie defective Open 
reduction has been advocated®’ for rim fractures m recent years, 

the piinciple being that reposition of the joint fragments is as necessary m the 
hip as m injuries of other weight-bearing joints Previously, many writers 
accepted the imperfect results of conservative treatment because of the for- 
midable nature of operative treatment and lack of knowledge of late degenera- 
tive changes m the joints 

Central fractures of the acetabulum, including cases with mtrapelvic pro- 
trusion of the head have been generally considered together and treated as 
one problem m various ways The cases with mtrapelvic proti usion of the 
head of the femur have excited a great deal of interest and there aie nov 
many isolated case reports upon which present methods of treatment are well- 
established It is not unusual that these injuries should occur in jeep accidents 
The lesion can be produced experimentally and accidentally by a blow on the 
flexed knee transmitted to the head of the femur^’’ and possibly even by in- 
direct forces of abnormal muscle action during convulsions from shock ther- 
apy More commonly, it is incurred by a blow on the greater trochanter Varia- 
tions m the pattern of the lesion and possible inclusion of various parts of the 
rim of the acetabulum, may be determined by the degree of abduction of the limb 
and the amount of internal and external rotation of the head of the femur If 
it is m external rotation, a blow on the greater trochanter would drive the 
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head of the femur into the anterior portion of the acetabulum where intra- 
pelvic protiusion is possible with minimum damage to the weight-bearing 
lunate-shaped articular cartilage 

Satisfactory results have been leported by the -use of a variety of systems 
of treatment capable of extracting the head of the femur from the pelvis One 
of the earliest methods reported to give unifoimly satisfactory results was 
the abduction spica of Whitman, in which the gi eater trochanter is used as 
the fulci um The favorite among the moi e model n technics is 

lateral or combined lateral and longitudinal traction Slings or pressure pads 
applied to the medial aspect of the upper thigh^®* and the Jahss 

cast®® have been emplo3'’ed for lateial ti action, but skeletal ti action obtained 
through a trochanteric sci ew®-^' or a Kirschner wire®^®> or a Stem- 

man pm®® IS moie comfortable for the patient Self-retained traction devices 
with a Thomas- Jones abduction splint,^ a windowed hip spica, ®^’ oi Hoke’s 
apparatus^® facilitates the musing care 

All of these methods have proved capable of retaining the noi mal position 
of the head of the femur on the lunate articular cartilage of the acetabulum 
until the fracture heals On the other hand, the “before and after” loentgeno- 
grams of almost all of the cases reported in the literature show, as in the cases 
reported herewith, that the displaced inner table of the pelvis seldom, if ever, 
follows the head of the femur when it is drawn out of the fracture site' It has 
been reported that the fracture can be modified by manipulation through the 
1 ectum ,®’ 26 but the results are not striking and the method is discouraged 
by some surgeons Open reduction is practical in very severe cases through 
an anterior iliofemoral approach, exposing the true pelvis EngeR® repaired 
the roof of the acetabulum by this method, tapping the bone flap of the inner 
table into place with a bone set and wooden mallet Levine®® reduced an un- 
usually large fragment of bone and applied a steel plate held in place by four 
screws along the anterior pelvic nm Open operations are also described by 
Lexer,®® and Konig ®® 

It is difficult to evaluate the results reported in both the old®^’ ®2 and the 
new^i> 20, B 7 , B 8 literature, because exact limits of the injury are not frequently 
clearly described The author’s illustrations suggest, however, that the poorest 
results were secured in cases in which the nm of the acetabulum was involved 
and the j’oint cavity was left permanently incongruous and enlarged m depth 
and width Good functional results wei e usually reported in the cases in which 
displacement was limited to a large single fragment of the body of the pubis 
and the inner table of the pelvis and in which the head of the femur was dis- 
located into the fracture site ®’ 20. 27 such cases the anterior acetabular fossa 
regenerates by abundant callus and fibrocartilage, which readily grow across 
the fracture site in this highly vascular portion of the skeleton 

The true incidence of degenerative or traumatic arthritis and the late 
results of these and other types of injuries of the acetabulum are known 
orily in isolated, poorly documented cases which come to the attention of the 
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surgeon many years after the injury Complete avasculai necrosis seems to 
have been repoited in one case, two to thiee years aftei an injury in which 
the head of the femur was virtually locked m the fracture site,^^ and two othei 
severe cases^> in which one might assume ischemia of the capsula reflexa 
was the cause 


SUMMARY 

1 Sixteen cases of fiactures of the acetabulum which occuired in military 
peisonnel and seven similai cases, which weie studied on the Fiactuie Seivice 
of the Massachusetts General Hospital, are reported 

2 Fiactures of the superior and posterior urns of the acetabulum of sig- 
nificant magnitude almost always resulted m some disability, but good func- 
tion of the joint was obtained in one case after open i eduction and accurate 
internal fixation 

3 Centidl fractuies of the acetabulum can be classified in two groups, 
accoidmg to various i oentgenogram patterns of the tiaumatic lesion and the 
functional results achieved at the end of two years A Central fiactuies 
limited to the pubic poition of the acetabulum and the descending ramus of 
the pubis, even with mtrapelvic protiusion of the head, responded well to 
conseivative treatment and showed an excellent functional result after one 
to thiee yeais B Central fractuies bursting the tnradiate line of the aceta- 
bulum weie impossible to reduce by conseivative methods and resulted in 
gieat disability Fusion or aithroplasty was advised in thiee such cases aftei 
two years 

4 The differences in end-results can be explained on the basis of cumula- 
tive, expeiimental, opeiative, and loentgenologic observations, as well as by 
end -1 esults All the evidence is to the effect that fiactures of the pubic portion 
of the acetabulum are chiefly lesions of the anteiior rim, which is not essen- 
tial to the function of the hip joint while, on the other hand, stellate or burst- 
ing fractures involve or distort the lunate supeiioi and posterior articular 
cartilage of the acetabulum which is necessary for normal weight-bearing 
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EXPERIMENTAL STUDIES OF ALGINATES AS HEMOSTATICS^ 

Virginia ICneeland Frantz, M D 
New York, N Y 

FROM THE DEPARTMENT OF SURGERY AND THE SURGICAL PATHOLOGY LABORATORY, COLLEGE OF PHYSICIANS, 
AND SURGEONS, COLUMBIA UNIVERSITY, NEW YORK, NEW YORK 

The three absorbable hemostatic packing materials which have had 
extended trial in clinical surgery are, m older of their introduction, human 
fibrin foam, oxidized cellulose — in the form of gauze or cotton — and gelatin 
sponge There are minor differences in the immediate hemostatic effect of 
these different mateiials and m the technics of their surgical use, but they are 
all non-irritatmg m the tissue, non-toxic and absorbable None of these can be 
sterilized by autoclave, and should a material be developed which had this 
advantage and also the desirable properties of the other agents it would be a 
welcome addition to our surgical aimamentarium 

It was suggested that alginic acid or its salts might answer this purpose 
Alginic acid is a naturally occurring organic acid derived from seaweed (Lam- 
inaria digitata) with a formula closely resembling cellulose ^ The alginates 
had aheady been developed foi wide commercial usage Woven and spun 
preparations, gauze and stockinette were available As is often the case with 
what is thought to be an original idea, independent investigations were under- 
taken in several diffeient laboratories The credit for the first experimental 
observations goes to Blame, of England, whose paper, although not published 
until January 1947, was submitted to this journal for publication in January 
19461 

Our own studies began about that time and we were acceleiated because 
we had the privilege of reading Major Blame’s article in manuscript As he 
says in his text, “Exigencies of the service in wartime have made it impossible 
to conduct a more complete examination of the many problems at issue It has 
been shown, however, that alginates possess certain properties which make 
their surgical use attractive ” There was no doubt in our minds, therefore, 
that the alginates held considerable promise We had hoped to obtain directly 
from Major Blame some of the alginate gauze he had employed in his studies 
for comparison with that submitted to us by the chemists who had suggested 
Its possible surgical application, comparison particularly in regard to texture 
and tensile strength We also planned to run a comparative series of experi- 
nients on oxidized cellulose and this new material, with especial reference 
to the immediate effective hemostatic properties of each agent, and the tissue 
reactions Somewhat later it seemed imperative that the pharmacology of the 
alginates should be studied in detail for comparison with oxidized cellulose 
and this was undertaken by another group of investigators ^ Stimulus was 
also given to this study by the publication of a letter to the editor in Science, 

^ ay 1946, m which Smith^ reported the styptic action of local application of 

, *The work described in this paper was done under a grant from Johnson & Johnson, 
^ew Brunswick, N J 
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dlginic aud powder in 100 cases of tooth evti action and iiiinoi oial suigcry 
The dose would obviously be small in these cases and pi csunialily most of the 
wounds were open 

The alginates submitted to us by the Reseaich Laboratoiies of Johnson 
and Johnson were piocessed in an effort to maintain tensile stiength and 
achieve ease of handling in actual surgical manipulation Early samples of 
varying calcium content were submitted, and in addition, a sizing agent as 
well as a buftenng solution were sometimes used The chemical analysis 
shown in Table I makes it clear that variations in tissue reaction could there- 
fore be attributed to a number of factors 

With all samples it was observed that the tensile strength was not as good 
as that of oxidized cellulose, and that the combination of the material with 
citrated blood resulted in a soft, brownish-black, mushy paste moie difficult to 
handle with forceps than the black gelatinous mass so foimed with oxidized 
cellulose It was expected, however, that if othei featuies were satisfactoiy, 
minor changes in preparation might altei these ph3'sical propeities The 

METHOD OF PREPARATION 

Calcium Algmaie Gaucc 

3 IB, 35A, 35C — Treatment 15 minutes m HCL, pH 1 5 Washed, buffered, 

15 minutes, washed, air-dned 
100 (4) Demer Calcium Alginate Stoclinette 

62D1, 69 — Treatment Washed in water Extracted with ethjl alcohol 

and ether (separately), treated in HCL (0 974N) 1 hour, 
washed and treated 2 hours in an excess of 0 2N CaCLo, 
washed Buffered, air-dried 

73 Treatment Similar to 62D1 and 69 but not buffered Washed 

ivith tap w'ater, pH 7 4, dried at 45° 

62B1, 65 — Treatment Washed in water Extracted as 62D1 and 69, 

treated overnight in 0 974 N HCL, and washed CL free 
Buffered, washed, air-dned 

64 — Treatment Approximately normal HCL 1 hour Washed 

once and treated in an equal quantity of fresh acid 30 min- 
utes Washed Buffered 20 minutes Washed, air-dned 

41-116 — Treatment Dilute HCL until calcium content reduced to 

0 15% Buffered 

41-118 — Treatment Similar to 41-116 but alcohol-ether extracted to 

remove Fixanol 

41-120 — Treatment Warm water (40° C ) Calcium content reduced 

wuth dilute HCL (3% then 1%) Washed with cold water 
Dried at 60° 

41 151 — Treatment Extracted with acetic acid to remove Fixanol 

Dilute HCL to remove calcium Alginic acid thus derived 
oxidized with HIO4, with partial conversion of the secondary 
alcohol groups to aldehyde groups Treated with dilute 
HNO3, air-dried 

41-152 — Treatment Similar to 41-151 but Fixanol not extracted 

89-31, 89-32 — Treatment Fuming HNO 3 at room conditions 1 hour 

Washed free of acid, air-dned 
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affinity of Pie algmic acid foi hemoglobin as demonstiated by the laked blood 
test was similai to that of oxidized cellulose 

In our earlier studies of oxidized cellulose^' ^ one of the standard tests 
was solubility m 0 15 Molar solution of sodium bicarbonate Satisfactoiy 
preparations of oxidized gauze and oxidized cotton dissolve completely with- 
out residue No animal tests were undertaken on samples which showed le- 


Table I — Alginates Tested 



% Free 


Buffered'*' 

Nitrated 

Fixanolf 


Lot No 

Weave 

COOH 

% Ca 

%K 

%N 

Sizing 

Sterilization 

31B 

Gauze 

22 14 

3 03 Approx 


-h 

Steam 





2 5 




35A 

14 

U 

2 45 

tt 


+ 

U 

36C 

a 

u 

3 06 

U 


+ 

a 

62D1 

Stockinette 

u 

2 80 

u 


0 

u 

69 

U 

u 

1 82 

u 


0 

it 

73 

u 

“ 

2 81 

0 


0 

u 

62B1 

a 

u 

0 25 

u 


0 

u 

65 

u 

“ 

0 58 

a 


0 

a 

64 

u 

“ 

0 19 

tt 


+ 

u 

41-116 

u 

u 

0 10 

Analyzed 


2% 

u 





2 54 




41-118 

u 

u 

0 10 

U 


0 

u 

41-120 

u 

u 

0 10 

Approx 


+ 

a 





25 




41-161 

it 

a 

00 


02 

0 

Formaldehyde 








0 11 res 

41-152 

u 

u 

u 


03 

2% 

U 

89-31 

u 

16 3 

a 

00 

4 0 

Trace 

Formaldehyde 

89-32 

it 

14 6 

u 

4. 

4 68 

U 

m 

'‘'Potassium acid phtbalate solution 0 05 Molar pH 4 0 





tSizmg Fixanol 

— octyl pyndium bromide 

A finishing agent used 

m the manufacture of alginate y irn to 

prevent sticking together of the monofilaments 






Table II - 

— Standard Rat Tests on Calciinn Alqiiinh Gauze 



% of Ca 

No of 

Days 





Lot No 

Content 

Animals 

Post-Op 

Absorbed 

Inflammation Fibrosis 

Conclusions 

31B 

3 03 

5 

2—28 

0 

2-f- 

1 + 

Unsatis 

35A 

2 45 ' 

6 

7—21 

0 

1 + 

1 + 

Unsatis 

3bO 

3 06 

5 

7—21 

0 

2-1- 

1 + 

Unsatis 

62dl 

2 80 

4 

4&7 

0— ± 

Contam 

Contam 

Repeat'*' 

69 

1 82 

6 

2—7 

± 

1 + 

2-t- 

Unsatis 

73 

2 81 

5 

2—7 

d: 


iz 

'‘"Also unsatis 

62B1 

0 25 

6 

7 

Completely 

0 

0 

Satis 

64 

019 

6 

2 

Completely 

Mm 


Satis 

6S 

0 58 

4 

2 

Completely 

Min 


Satis 


sidual fibers of mateiial In applying this test to calcium alginate it also was 
found to be soluble in 015 Molai NaHCOa, but there was a precipitate of 
calcium carbonate which was not to be confused with insoluble residue All 
samples tested were completel}'’ soluble 

Affinity for hemoglobin, and solubilit}’- tests having borne out the expecta- 
tion that algmic and cellulosic acid were somewdiat similar m behaviour as 
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well as stiuctuie, tests for tissue leaction were then undertaken The first 
tests weie foi absorption and tissue response and weie conducted according 
to the technic devised by Lattes Frantz ^ This was reported in this Journal 
in 1945 It consists of aseptic implantation of materials under scrutiny m the 
subcutaneous tissues of the back of rats In our own previous studies, fibrin 
foam, gelatin sponge, oxidized cellulose and a large number of other substances 
had been subjected to this “rat test “ Only the first three were found to be 
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Fig 1 — S P 25509 Photomicrograph, X38, of di-aldehyde alginic 
acid gauze (41-151) in experimental -wound of upper pole of kidney Dog 
— 42 days Large amount of unabsorbed material A broad zone of fibrous 
scar tissue separates kidney parenchyma from the hemostatic packing On 
higher magnification this tissue is seen to contain many hemosiderin laden 
phagocytes There are no polymorphonuclear leukocytes and no foreign 
body giant cells 


both non-irritating and completely absorbed In testing the algmic acid prepa- 
rations by this method it was thought unnecessary to run simultaneous con- 
trols of oxidized cellulose since detailed studies had already been reported 
(4 and 5) and the techniques used were the same The results of the first 
senes of rat tests are shown in Table II 

These early promising samples (62B1, 65 and 64) led us to study the 
effectiveness of the new materials in experimental hemorrhage It will be seen 
from Table II that the unsatisfactory -samples were those of higher calcium 
content, and the trials of hemostasis were accordingly made on approximate 
duplicates of 62B1, but with even lower calcium content (41-116, 41-118 
and 41-120) Again the tests employed were those by which oxidized cellu- 
lose had originally been studied and which have been reported in detail (4 
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and 5), le wounds of kidney and spleen Immediate hemostatic effect m 
an expel imental or clinical wound is obviously not subject to exact measure- 
ment The wounds of the kidney in this technique are made as nearly com- 
parable as possible, one in the upper and one in the lower pole The capsule is 
incised, a clamp is thrust into the parenchyma and spread so that brisk bleed- 
ing ensues The wound is then lightly packed with the hemostatic agent to 
be studied It was in such wounds that we first observed that oxidized gauze 



Fig 2 — P 25509 Photomicrograph, X38, of control mound, lower 
pole of same kidney as Fig 1, packed with oxidized cellulose The foreign 
body m the capsule is the markmgsilk suture No gauze is seen The site 
of the implant at this magnification is characterized by diffuse dark stain- 
ing There isc no unabsorbed material In higher magnification this zone 
IS almost entirely composed of phagocytes, some hemosiderin laden The 
bulk show the basophilic staining characteristic of cellular reaction to 
oxidized cellulose There is almost no scar tissue except the linear exten- 
sion of the wound seen at the base on the right, and slight fibrous prolif 
eration m the capsule 

bad a specific hemostatic effect Hemorrhage was more rapidly controlled with 
this gauze than with plain gauze The alginate preparations when compared 
with oxidized cellulose exhibited very little hemostatic effect The hemorrhage 
was controlled in these standard kidney wounds chiefly by the presence of 
packing and not by any evident styptic action 

Furthei confirmation of this was obtained in standard tests in shallow 
suiiace defects m the spleen where the packing effect is absent Here little 
styptic action of alginate was noted, although the preparation without sizing 
was somewhat more effective than those with it Controls here were also made 
with oxidized gauze (Table III) 
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As the immediate hemostatic effect of the alginates did not compaie favoi- 
ably with that of oxidized cellulose, fuither chemical modifications of the 
preparations was proposed m order to impiove this pioperty One of these 
new prfepaiations was the di-aldehyde of alginic acid (41-151 and 41-152) 
and this was model ately effective in immediate hemostasis (Table III) It 
was not a promising modification, howevei, because the material, originally 
proposed to facilitate sterilization, no longer had the advantage of being suf- 
ficiently heat resistant to be sterilized by autoclave Another preparation sug- 
gested, nitrated sodium alginate, was also too unstable foi autoclave In spite 


Table IV — Standard Rat Tests on Recent Preparations 


Lot No 

Description 

No of 
Animals 

Days 

Post-Op 

Absorbed 

Inflammation Fibrosis 

Conclusion 

41-120 

Alginie acid 

Not buffered 

No sizing 

Ca 0 1% 

5 

2—8 

Completely 

Variable 

1+ 

Unsatis 

41-151 

(Chenoweth 

C) 

Di-aldehyde 

No sizing 

Ca 0% 

5 

2 

Completely 

0 

0 

Satis 

41-152 

(Chenoweth 

C) 

Di-aldehyde 

Sizing 

Ca 0% 

5 

2 

Completely 

0 

0 

Satis 

89-31 

(Chenoweth 

D) 

Nitrated sodium 
alginate with 
sizing 

4 

1—7 

Completely 

1 + 

0 

Toxic* 

89-32 

(Chenoweth 

Nitrated sodium 
alginate with 

4 

2—5 

Completely 

db 

0 

Toxict 


D) sizing 


*1 Death — 24 hours 2 Animals lethargic until sacrificed 

tS Deaths — 2 , 2 and 5 days 1 Animal lethargic when sacrificed at 3 days 

of this disadvantage a second short series of rat tests was undertaken as a 
preliminary to possible further studies on hemostasis The results are shown 
in Table IV At the time these tests weie made we were apprised of the 
observations of Chenoweth on the toxicity of the material m cats ^ Detailed 
autopsy studies were not attempted on the rats in this last series because post- 
inoitem changes weie often advanced, and there were further depredations by 
cage mates In comparison, however, with several hundred previous rat tests 
the morbidity and mortality rate in this group was considered significant 
With this knowledge, a careful re-ieading of Blame’s article led us to the 
belief that although the cats he subjected to liver lacerations had survived 
when the bleeding had been controlled with alginates, there had been early 
toxic effects comparable to those reported by Chenoweth Moreover, the poly- 
'noi phonuclear leukocytic response which the author desciibed in the local 
tissue leactions, had been duplicated in many of our own observations, and 
indicated a greater degree of nutation caused by the alginates than Iw 
oxidized cellulose 
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SUMMARY AND CONCLUSIONS 

1 Local tissue reaction to various spun and woven preparations of alginic 
acid and its derivatives have been studied in a series of rat tests Although 
some of the prepaiations evoked a minimal inflammatory response, several 
were apparently irritating and engendered a considerable fibrous tissue re- 
placement when finally absorbed The most favorable preparations were 
slightly more irritating than oxidized cellulose That they were also toxic even 
when introduced thus, in solid form, to be absorbed slowly, was suggested 
by the high mortality rate among these rats, although detailed study of the 
toxicology was not undertaken here 

2 The immediate hemostatic effect of alginic acid preparations was con- 
trasted with controls of oxidized gauze in the spleen and liver of dogs There 
was a marked difference in this property, control of hemorrhage being often 
difficult to obtain with alginate when oxidized cellulose was immediately ef- 
fective Study of these organs at autopsy showed m general, more inflamma- 
tory and fibrous tissue response to the alginates than to oxidized cellulose If 
anything, the absorption time of the former was longer, but this was not 
checked m detail The toxic effects at presumably lower dose levels than those 
employed by Chenoweth m cats suggests the possibility that the dog is more 
susceptible to the toxic effects of the alginates than the cat 

3 It was concluded that the advantage of sterilization by autoclave was 
outweighed by the less effective hemostatic action and by the toxic properties 
of the alginates, and that further experimental study was not warranted It 
was not thought safe to propose these new preparations for trial in clinical 
surgery 
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THE TOXICITY OF SODIUM ALGINATE IN CATS’ 
Maynakd B. Chenoweth, M D 
New Yobk, N Y 

from the department of pharmacology, CORNELL HNIVERSITY MEDICAL COLLEGE, NEW YORK, N Y 

An absorbable, hemostatic and readily manufactured surgical gauze 
which can be sterilized by autoclaving can be prepared from alginic acid, the 
product of cei tain seaweeds A report on the nature and experimental surgical 
use of such gauze has been made recently by Blaine^ who found it to be 
readily absorbed and concluded that it was a useful hemostatic agent of wide 
applicability A report by Solandt^ indicates that the sodium salt of algimc 
acid possesses considerable toxicity for rabbits 

Because of the usefulness of absorbable surgical gauzes, the discovery of 
a material which, on manufacturing grounds, is as suitable as algimc acid, 
IS very important However, in view of the toxic effects reported by Solandt 
It appeared necessary to carry out a more extensive examination of the phar- 
macology of alginates The present study is an examination of the effects of 
the administration of algimc acid and some of its derivatives These are 
listed and described m Table I 

A THE TOXICITY OF COMMERCIAL SODIUM ALGINATE (41-125) 

This material was obtained as a powder which was soluble in physiologic 
saline to the extent of one per cent, forming a viscous solution Three cats 
were injected intraperitoneally with 250 mg /kg and two with 100 mg /kg 
Larger doses could not be given because of the volume required These ani- 
mals were followed for 10 days and then sacrificed with ether fsee Table II) 
In general, the toxic effects produced were not related to the dose of alginate 
administered Only one animal, one which received 250 mg /kg , was moribund 
at the time of sacrifice This animal failed to eat after the injection and 
became progressively more depressed During this 10 day period the animal 
manifested proteinuria and hematuiia Although on examination of the 
abdomen it appeared that most of the injected alginate was still present, on 
microscopic examination the kidney tubules were found to be completely 
occluded by erythrocytes, indicating considerable absorption and toxicity 
The other animals of this senes vomited frequently on the day of injection 
and were depressed and disinterested in food on the following day All 
animals showed definite depression of cortical reflexes (placing)"^ and some 
ataxia In two cases recovery occurred in about five days while m the 
remaining three animals the abnormalities persisted until sacrifice 

Urine secretion was suppressed in all animals for one to three days, fol- 
owed by the secretion of small amounts of urine containing considerable 
protein Both volume and protein content had returned to normal three or 
our days after the injection 

Placing Reactions A group of cortical reflexes concerned with propnoceptive 
»iaintenance of posture 

Johnson'*'^ expenses of this investigation were defrayed by a grant from Johnson and 
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On examination of the sacrificed cats it was found that absoiption had 
been veiy ii regular, probably accounting for the absence of a relation between 
the dose injected and the effects produced The peritoneum, howevei, showed 
no signs of irritation Apart from a small hemorrhagic area in one lung, 
found microscopically to be associated with a vein occluded by hyaline, palely 
basophilic material (alginic acid^), no gross damages were noted Micro- 
scopic examination of the kidneys revealed extravasation of the blood into 
the tubules, varying in degree from slight to extreme The tubular epithelium 


Table I — Chnradensltcs of Substances Examined' 


Partial Analysis per cent! 

Sample Supplied 


Number 

Chemical Nature 

as 

CCOH 

Ca 

K 

N 

CHO 

Nitration 

41-116 

Alginic acid 

Gauzet 

221 

0 10 

2 5 


None 

None 

41-125 

Sodium alginate 

Powder 


00 

00 


None 

None 

41-151 

Di-aldehyde aigmic acid 

Gauze 

22 1 

00 

00 

02 

0 11 

hlone 

41-152 

Di-aldehyde algimc acid 

Gauze 

22 1 

00 

00 

03 

0 11 

None 


(contains 2% octyl pyridium bromide. 

a sizing agent ) 






89-31t 

Decarboxylated, nitrated alginic acid 

Gauze 

16 3 

00 


4 0 

Trace 

38 

89-32t 

Decarboxylated, nitrated alginic acid 

Gauze 

14 6 

0 0 


4 7 

Trace 

45 


♦Aqueous solutions are negative to the usual tests lor protein and reducing substances 

♦♦Analyses supplied by the manufacturer 

tReduce Benedict’s solution 

JWoven in a tubular form known as stockinette 


Table II — Toxicity of Commercial Sodium Alginate Solution Follovnng Intraperitoneal 

Injection {Ifl-125) 

{By Single Injection) 


Expenment 

Number 

Dose 
mgm /kg 

Died (D) or 
Sacrificed (S) 

Duration of 
Expenment 

Degree of 
Effect 

Comment 

15 

250 

s 

11 days 

i + 

Moribund 

17 

250 

s 

9 days 

1 + 


18 

250 

s 

9 days 

1 + 


16 

100 

s 

11 days 

2 + 


19 

100 

s 

11 days 

1-2 + 



1 he presence of one or more of the following conditions was used to establish the ‘degree of etfecl 
1 + = slight ataxia, depressed placing reflexes slightly depressed 
2 + — ataxia, placing reflexes depressed, moderate proteinuria 

3 + = prostrate, extreme proteinuria, smaller intracardiac clots 

4 + = Dead or moribund, anunc, larger intracardiac clots 


appeared to be slightly damaged but assurance on this point is not possible 
because of the distorting effect of the fat content of the normal cat tubules 
The liver lobules showed some necrosis, particularly of the central type, while 
in two animals which had received doses of 250 mg /kg there were areas in 
ulncli the nuclei were darkly stained and pyknotic and the cytoplasm of large 
areas had a fused, amorphous appearance and, although still acidophilic, were 
much more intensely stained 
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B THE TOXICITY OF ALGINATE GAUZE (41-116) * 

This sample was a gauze, which consisted of the partial calcium salt of 
alginic acid suitably prepared for surgical use A five per cent solution was 
prepared dissolving the gauze in sodium bicarbonte The solution, although 
somewhat viscous, was easily injected intravenously and mtrapentoneally 
m cats The results of these experiments are presented m Tables III and IV 
It is apparent that the preparation was decidedly toxic 

The animals, following injection by either route, rapidly became depressed, 
vomited frequently and showed no interest in food on the day of the injection 


Table III — Toxicity of Alginic Acid (41-116) Solution Following Iniraperiioneal Injection 

(By single injection) 

Expenment 

Number 

Dose 
mg /kg 

Died (D) or 
Sacrificed (S) 

Duration of 
Expen ment 

Degree of 
Effect 

Comment 

9 

500 

D 

1 day 

4 + 

Antemortem clot 

10 

250 

D 

1 day 

4-1- 

tt U 

14 

250 

D 

1 day 

4-1- 

u u 

12 

100 

S 

7 days 

3-4 + 

a a 

13 

100 

S 

7 days 

3 + 


8 

25 

s 

10 -f days 

1 + 


11 

25 

s 

10 + days 

1 + 



Table IV — Toxjctly of Alginic Acid (41-116) Solution Following Intravenous Injection 

(By Single Injection) 


Expenment 

Number 

Dose 
mg /kg 

Died (D) or 
Sacrificed (S) 

Duration of 
Experiment 

Degree of 
Effect 

Comment 

2 

500 

D 

* 

5 Days 

4 + 


3 

500 

D 

1 dav 

4 + 


4 

500 

D 

2 days 

4 + 


6 

500 

D 

4 days 

4 + 

Antemortem clots 

5 

316 

D 

1 day 

4 + 

K U 

1 

250 

D 

2 days 

4 + 

Anunc 

7 

250 

D 

2 days 

4 + 

Antemortem clots 


The following day many of the animals were moribund, while all except those 
leceiving the smallest doses were markedly depressed Central nervous system 
function was obviously impaired, for ataxia was extreme in those animals 
which could walk at all, placing and righting reflexes were depressed or 
absent and the animal’s reactions to noxious stimuli were feeble 

Animals which did not die during the 24-hour period after injection usually 
secieted little or no urine during that time, despite the large volume of fluid 
(10-30 cc ) m which the alginate was administered When urination recom- 
menced only small amounts of concentrated material were obtained and all 
contained large amounts of protein, but no reducing substances 

*Same sample as 41-116 used by Frantz 4 
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Examination of the animals which died spontaneously or were sacrificed 
following intrapentoneal injection revealed that practically complete absorp- 
tion of the alginate occurred if the animals survived more than two days The 
peritoneum showed no evidence of irritation and was smooth and glistening 
when absorption was complete Occasionally small gelatinous flecks of the 
unabsorbed material could be detected 

Following both intravenous and intrapentoneal administration the ab- 
dominal viscera usually appeared normal by gross inspection although occa- 
sionally small hemorrhagic areas could be discerned in the bladder wall and 
kidney cortex The lungs were occasionally affected, being hemorrhagic to 
the point of hepatization in four of the animals receiving the larger doses 
Upon opening the chambers of the heart massive pale yellow (antemortem 
or “chicken fat”) clots were visible in nearly half of the animals of these 
groups The clots were firmly attached to the wall of the chamber and fre- 
quently extended through the valves, coalescing with clots in the adjacent 
chambers In animals which died later in the coui se of poisoning some organi- 
zation of these clots was apparent on microscopic examination In one animal 
in which no clots could be found, there were extensive subendocardial hemor- 
rhages in the left ventricular wall No significant difference in the incidence 
of these changes between the intravenously and intraperitoneally injected 
groups could be detected 

Microscopic examination revealed varying degrees of renal tubular damage 
In the most severe cases the epithelium of the tubules of the loop of Henle was 
completely separated from the basement membrane, the nuclei were pyknotic 
and darkly stained and most of the papillary ducts were occluded with baso- 
philic casts (alginic acid^) containing cell fragments 

The liver frequently contained areas in which the entire cytoarchitecture 
was disrupted by necrosis and fragmentation of the cells Other areas were 
evenly acidophilic and no cell structure could be discerned No increase of 
basophilic material which might be interpreted as storage of alginate was 
found 

Examination of the brain, lungs and adrenals occasionally revealed a 
thrombosed blood vessel containing hyaline, basophilic material In the cere- 
bellum degeneration of neurones was noted in discrete areas, suggesting 
occlusion of the blood supply to such areas 

C TOXICITY OF DI-ALDEHYDE ALGINIC ACID GAUZE (41-151, 152)* 

It was reasoned (see also Solandt) that the coagulation noted with algi- 
nate was the result of its ability to forrn firm gels with calcium salts Oxidizing 
alginic acid with periodic acid produces a di-aldehyde structure by cleavage 
of the ring at the 2-3 carbon linkage, resulting in a substance which is actively 
hemostatic and at the same time does not form a strong gel with calcium salts 

* These compounds were prepared by Dr James J Eberl for the purposes of this 
investigation 


1176 



■\ olume 127 
Number G 


TOXICITY OF SODIUM ALGINATE IN CATS 


Although gauze piepaied fiom this mateiial lequired foi maldehyde steiihza- 
tion It appealed feasible to employ it in suigery 

As shown in Table V cats weie injected mtiaperitoneally with vaiious 
doses of this material (41-151) m a 26 pei cent solution of the sodium salt 
These animals followed a com sc similar to the animals desci ibed above One 
animal died, although it had received the smallest dose, how^ever, it w'^as m 
the early stages of pregnancy The pattern of the coiiise of poisoning m this 
animal w'as t}pical of alginate intoxication, although giossly the post-mortem 
examination was negative Only one of the remaining animals failed to show 
ataxia or depression of the placing leflex In four, the placing reflexes were 



Table V — Tonctiy of Dt-Aldchyde Alqimc Acid 
(Follozvtug Single InUafcittoncal Injection) 


Expenment 

Number 

Dose 

mg/kg 

Died (D) or 

Sacnficed (S) 

Duration of 

Expenment 

Degree of 

Effect 

Comment 

41-151 

26 

500 

S 

8 days 

2 + 


27 

500 

S 

10 days 

1 + 


37 

500 

S 

8 days 

3 + 

Antemortem cists 

38 

500 

S 

9 days 

4 “f" 

a u 

39 

500 

S 

9 days 

1-f 

a u 

40 

500 

S 

9 days 

3 + 

u u 

41 

500 

S 

9 days 

3 + 


29 

250 

s 

8 days 

1-2 i- 


28 

250 

s 

8 days 

3 + 


30 

125 

s 

7 days 

3 + 

Falls on walking 

31 

125 

D 

5 days 

4-f 

(t U U 

Pregnant 

41-152 

25 

125 

s 

12 dajs 

0-1 + 


24 

125 

s 

7 

0 


22 

250 

s 

9 

1 + 


23 

250 

s 

9 

0 


20 

500 

s 

10 

0-1 + 

Did not eat 

21 

500 

D 

4 

4 + 

Occasional convul- 
sions 


absent and ataxia w^as so severe as to render locomotion nearly impossible, 
the degree of impairment being apparently independent of the dose All were 
depressed, inactive and unaggressive In these cats the evidence of central 
nervous system damage persisted until saciifice, wdiile the other less affected 
cats recovered rapidly Some degree of kidney damage was frequent as indi- 
cated by the occurrence of proteinuria and hematuria Urine secretion was 
suppressed or very slight on the first day after the injection but diuresis sub- 
sequently occurred and persisted for a day or tw’'o 

Post-mortem examination of the sacrificed animals revealed that practically 
complete absorption of the solution had occurred, leaving the peritoneum with- 
out evidence of irritation The hearts of five of the cats receiving 500 
o^&/kg doses contained t)Tical ante-moitem clots varying in size from one 
millimeter m both dimensions to massive clots several centimeters long and 
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neaily a centimetei in diametei Although inliacardiac clotting had been 
anticipated following its occurrence with algnnc acid, no signs or symptoms 
indicative of the phenomenon could be detected prior to death 

Five test animals and one uninjected control were studied for one week 
before and one week after the intraperitoneal injection of 500 mg /kg of 
di-aldehyde algimc acid (Table V and Table VI) In view of the observation 

Table VI — Results of Laboratory Tests on Cats Rccnmnq Sinqh Intraperitoneal Doses of 

600 mg -kg of Di-Aldehyde Alqinic Acid 


Experiment NPN Sedimentation Per Cent Unne 

Number Days mg% rate mm /hr RBC 


36 


47 

47 


17 0 
7 0 


38 

40 


Negative 

Negative 


37 


0 

7 

I 

11 

16 


Injected 


55 

63 


47 4 
45 


0 7 

1 0 


17 0 
11 0 


50 


48 

41 


Negative 


4 + protein 
3 + protein 


38 


Injected • 


11 

16 


41 

47 


55 

44 


26 9 


63 0 
55 0 


28 

30 


Negative 


3 + protein 
2 + protein 


39 


Injected • 


11 

16 


45 

63 


42 

47 


16 7 
80 


53 0 
30 0 


41 


37 

39 


3 + protein 
Negative 


40 


Injected 


11 

16 


47 

50 


41 

48 


78 
1 0 


57 0 
56 0 


42 


27 

31 


Negative 


Negative 

Negative 


41 


Injected • 


11 

16 


52 

51 


59 

66 


7 8 
0 2 


24 0 
22 0 


42 


48 

40 


3 + protein 
Negative 


of Solandt” that sodium alginate inci eased the sedimentation rate of erythio- 
cytes the eiythrocyte sedimentation rate was determined as well as the per 
cent erythrocytes Urine was examined for piotein and reducing substances 
and blood non-protein nitrogen levels were determined The occurrence of 
protein in the urine and a marked increase in the sedimentation rate follow- 
ing the injection were the only changes of significance noted The blood 
non-protein nitrogen levels were variable, as is so often the case in cats, but 
were not significantly changed 

Six animals weie studied m a similar fashion except that the gauze was 
shredded and introduced through a small incision into the peritoneal cavity 
Doses of 100, 250, and 500 mg /kg were given in this fashion Although 
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some depiession and occasional A'omitmg occuiied foi seveial days aftei the 
operation, theie was little evidence of significant central neivous system 
involvement Proteinmia and an inci eased sedimentation rate were observed 
in all but one animal (100 mg /kg ) and persisted for five to ten days On 
post-mortem examination the gauze was found to have been well absorbed 
although the peritoneal cavity usually contained ten to twenty cubic centi- 
meters of pinkish wateiy fluid, a laigei amount than that noted following 
injection of the dissolved material No other pathologic changes were observed 
with the exception of one small ante-moi tern clot m the left ventricle of a cat 
eceivmg a dose of 250 mg /kg 

A sample (41-152) of similar mateiial was obtained which contained 
approximately 2 per cent of “Fixanol" (octyl pyridinium bromide), a sizing 


Table VII — Toxicily of Decarboxtilalcd, Niiraied Alginate Gauzes {89-31, 32) 

{By Single Injection) 


Experiment Dose Duration of Degree of 

Number Mg /kg Route Sacrificed (S) Experiment Effect Comment 


89.31 

50 

600 

I P 

S 

4 days 

4 + ) 

. Multiple 

55 

500 

IV 

D 

1 day 

4 + 

f massive 

51 

250 

IP 

D 

1 day 

4 + 

^ hemorrhages 

56 

250 

IP 

S 

6 days 

1 + 

1 

57 

250 

IP 

D 

6 days 

4 +) 


52 

100 

IP 

— 

— 

0 + 

Polyuria 

89*32 

65 

500 

IP 

D 

3 days 

4 + 'j 

1 Massive 

67 

600 

IP 

D 

1 day 

4 + 

^ hemorrhage 

66 

250 

IP 

S 

5 days 

4+J 

1 


agent used to prevent the monofilaments of alginic acid from sticking together 
In view of the unsatisfactory nature of the unsized preparation (41-151) the 
sized preparation was examined less thoroughly One death at a high dose 
level and three animals typically affected to a lesser degree, were obtained 
in a senes of six cats (Table V) It is improbable that thread sizing decreases 
the toxicity of algmic acid and it evidently does not increase it 

It IS apparent that the reduced gelling capabilities of the di-aldehye alginate 
preparation were still sufficient to cause serious vascular occlusion The 
modified gauze was readily absoibed but too toxic to be clinically useful 
D THE TOXICITY OF NITRATED SODIUM ALGINATE (89-31, 32) 

Cats were injected mtraperitoneally with a sodium bicarbonate solution 
of an alginate gauze prepared by decarboxylating and nitrating alginic acid 
(see Table I) These experiments are listed in Table VII 

This mateiial was markedly toxic Vomiting, depression and ataxia were 
present as previously described, but in addition there developed a hemorrhagic 
diathisis manifested by bleeding and swollen gums, hemorrhages and hema- 
turia On post-mortem examination extensive hemorrhages were found m 
nearly every organ and the blood did not clot within an houi after withdrawal 
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Urine from these animals reduced Benedict’s solution, diflfering m this respect 
from the other alginates studied but resembling oxidized oxycellulose (q v ) 
It IS apparent that nitration and decarboxylation of alginate do not produce 
a usable gauze 

E COMPARATIVE EXAMINATION OF OXIDIZED CELLULOSE GAUZE 

A senes of ten cats was studied in which intraperitoneal injections were 
made of a sodium bicarbonate solution of a sample of oxidized cellulose gauze 
Following the injection no vomiting occurred No abnormalities of behavior 
were noted on subsequent days with the exception of the two animals (67, 70) 
described in Table VIII These had depressed or readily fatigued placing 
reflexes for a few days, which returned to normal in about a week All cats 


Table VIII — Toxicity of Oxidized Cellulose Gauze Follovnnq Intraperitoneal Injection of 
a Sodium Bicarbonate Sohdion of the Gauze 
{By Single Injection) 


Expenment 

Number 

Dose 

Mg /kg 

Died (D) or 
Sacrificed (S) 

Duration of 
Experiment 

Degree of 
Effect 

Comment 

32 

500 

S 

7 dajB 

0 


34 

500 

S 

6 days 

0 


65 

500 

S 

14 days 

0 


67 

500 

S 

14 days 

0-1 

Placing reflexes 
depressed for 

5 days 

68 

500 

S 

14 days 

0 


33 

250 

S 

13 days 

0 


35 

250 

S 

5 days 

0 


66 

250 

S 

14 days 

0-1 

Placing reflexes 
easily fatigued 

69 

250 

S 

14 days 

0 


70 

250 

S 

14 days 

0 



developed proteinuria one or two days after the injection Within five days 
this had ceased but during the entire period of the experiment after the 
administration of oxidized cellulose their urine reduced Benedict’s solution 
Oxidized cellulose itself readily reduces Benedict’s solution so that it may be 
presumed that oxy-cellulose, or portions of its molecule, were excreted in 
the urine 

No animals died nor were any noticeably affected by their experience 
When sacrificed, post-mortem examination revealed that absorption was com- 
plete No gross pathologic changes were noted and theie was no evidence of 
intravascular clotting It is apparent that oxidized cellulose is much less than 
alginic acid 

DISCUSSION 

As the result of this study of the action of alginic gauzes in the animal 
body the material can not be recommended for surgical use as an absorbable 
gauze It would seem that the ability of alginic acid to form gels with cal- 
cium,^- 2 which may or may not be the mechanism underlying its hemostatic 
action, IS sufficient to cause serious localized circulatory embarrassment 
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Apart from this action, the piodiiction of hepatic and lenal impaiiment is a 
contraindication for its use 

The present study laigely made use of parenteial injection of solutions 
of the vaiious ahgnates and it may be aigued that the pioduction of toxic 
reactions by such means does not foim an appropriate basis for clinical 
evaluation, none the less, mtiavenous admimstiation of even larger doses of 
oxidized cellulose has been shown to be innocuous^ This was completely 
confirmed in the small senes of cats piesented m the present leport 

While the experiments in which the shiedded, relatively innocuous di- 
aldehyde alginic acid was intioduced into the peritoneal cavity were not 
attended by evidence of inaiked toxicit}^ its use has not been veiy satisfactory 
in experimental suigery^ Although Blaine^ did not repoit any toxic effects 
from the use of alginate inateiials the piesent studies indicate that it is not 
without dangei for clinical use 

Solandt’s" observation that alginic acid increases the sedimentation late 
was confiimed It was noted duiing in vitio studies of this phenomenon that 
the hemoglobin of cells caused to settle m this fashion was not readily oxyge- 
nated on agitation This has also been leported foi acacia® Although efforts 
weie made to denionstiate a loweied arteiial oi venous oxygen content such 
as was reported for acacia no definite conclusions could be drawn fiom the 
data It may be infeiied that this action of algmic acid is not of major 
importance as a cause of its toxicity 

SUMMARY 

1 The mtrapentoneal or intravenous injection m cats of solutions of 

sodium alignate lesults in the production of laige ante-moitem intra- 
cardiac clots 

2 Evidence is presented that injury to the brain, hvei and kidney fre- 

quently occurs Alginic acid shares with othei gums the ability to 
accelerate the sedimentation of eiythiocytes 

3 A di-aldehyde derivative of alginic acid is slightly less toxic than 

alginic acid while a nitrated deiivative is moie toxic and m addition 
greatly prolongs clotting time in vwo 
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The group of symptoms commonly referred to as the scalenus anticus 
syndrome seems more likely to develop m certain persons than m others 
Bilateral dissections of the area in question were done on 56 cadavers m an 
effort to discover significant anatomic relations to explain this fact Particular 
attention was directed toward the modifications m structure and anatomic 
relations of the scalene muscles, the components of the brachial plexus and 
the adjacent vessels 

It should be recalled that originally this set of symptoms was associated 
only with the presence of a cervical rib and was designated as the syndrome 
of the cervical rib Subsequent investigations further clarified the problem 
and demonstrated that other factors entered into the production of the syn- 
drome The syndrome of the cervical rib was desciibed by Murphy^ as 
including any or all the following 1) pressure on the trunks of the brachial 
plexus with pain, paresthesia, hypesthesia, or anesthesia in the peripheral area 
of distribution of the involved sensory fibers, and paresis or paralysis of the 
muscles supplied by the involved motor fibers, 2) pressure on the subclavian 
artery with brachial ischemia and possible aneurysmal formation, thrombosis 
and gangrene, and 3) development of a tumor in the supraclavicular triangle 
The fact that this syndrome might occur m the absence of a bony anomaly 
was recognized by Murphy,^ who described a case which presented many of 
the manifestations of the cervical rib syndrome but no cervical rib was present 
At operation the lower trunk of the brachial plexus was found on the inferior 
portion of the anterolateral border of the scalenus medius muscle The 
insertion of the muscle at that point was severed and the subjacent portion 
of the rib resected There was complete relief of symptoms Jones^ stated 
that m some individuals the eighth cervical and first thoracic segments con- 
tribute an unusually large proportion of the fibers to the brachial plexus and 
in these cases the first thoracic rib may traumatize the lower trunk of the 
plexus Post-fixation of the brachial plexus was the term applied to those 
cases in which a comparatively large number of the component fibers emerge 
through the lower contributing segments A plexus which received a rela- 
tively large number of fibers from the upper contributing segments was termed 
pre-fixed Wilson^ described two mam types of muscular involvement by 
cervical ribs One was designated the median type because some or all the 
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intiinsic musciilcs of the hand supplied by the median neives were involved 
These patients usually also demonsti ated sensoiy impaiiment of the lateial 
portion of the foieaim and hand The othei type, stated to be the more 
coniinoii, included those cases exhibiting: mvolv'-eiiient of the intrinsic hand 
muscles supplies by the ulnai neive Atiophy oi weakness of these muscles 
usually was accompanied by sensory phenomena in the peiipheral aiea sup- 
plied by the ulnai nerve Wilson noted that m seveial patients hypesthesia 
01 anesthesia was confined to the periphei al ai ea usually assigned to the sixth 
ceivical neive He stated that this lOot is not involved by a cervical iib but 
attempted to explain the obsei vation by stating that these might also represent 
cases of post-fixation of the biachial plexus m which the seventh cervical nerve 
and not the sixth was involved 

Much of the claiification of the ceivical iib and scalene syndromes is the 
result of Todd’s work He accounted foi the i epoi tedly higher incidence 
of these symptoms in females on the basis of musculai development and respi- 
latory activity He believed that because of the lelatively poor development 
of the trapezius muscle in females, the shouldei would assume a comparatively 
lower position in relation to the thoiax than m males He also stated that the 
comparatively poor development of the rectus abdominis muscles of females 
might allow the skeletal stiucture of the thoiax to adopt a relatively higher 
position than in males Todd suggested further that the symptoms might 
occur moie frequently in women because of their greater use of the upper 
thoracic muscles m respiiation He disagieed with previous statements that 
the subclavian aitery could be compiessed by the scalenus anticus muscle or 
the first rib He believed that the vascular symptoms in cases of cervical rib 
syndrome are not mechanical in oiigin but tiophic m character and are caused 
by involvement of the sympathetic fibers passing across the first rib to entei 
the lower tiunk of the biachial plexus 

The theories of both Jones and Todd were supported by Stopford,^® who 
stressed the importance of the first thoracic iib as an etiologic factor m 
neuritis of the lower trunk of the brachial plexus He believed, as did Jones, 
that a predisposing factor is the anatomic relation of the nerve trunk and the 
nb, when the bone is bevelled by a trunk which leceived a large contiibution 
from the upper two thoracic roots He also agreed with Todd that the ana- 
tomic changes of the shoulder m relation to the tiunk are important factors 
in the onset of symptoms It was reiteiated that the medial portion of the 
clavicle may be elevated or depiessed depending upon the tonicity and develop- 
ment of the rectus abdominis muscles and that the position of the lateral 
portion may be similarly changed depending upon the strength and tone of 
the tiapezius muscle He concluded that these two factors acting on the 
clavicle are of importance m the production of compression of the ' lowei 
trunk of the biachial plexus by the first iib and also explain the greatei 
incidence of this syndrome in females. 
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Biicknei and Milcld^ similaily leemphasized the significance of the 
relation of the position of the shouldei to the thoiax m the production of 
the aymptoins chaiacteiistic of the ceivical iib syndiome eithei m the presence 
of a cetvical iib oi with a noimal fiist thoiacic rib 

Adson and Coffey^” disagreed uith Todd’s statement that the contracting 
scalenus anticus muscle could not compiess the subclavian artery They 
leported having demonstiated sucli an action by this muscle by having the 
patient elevate the chin and extend the neck or lotate the' head to the affected 
side while making a deep inspiiation This lesulted in obliteration of the 
piiLe at the uiist on the affected side as well as production of paresthesia 
ir the distiibution of the brachial plexus They advocated that the cervical 
r (• 'lot be lemoved for the relief of symptoms but that only the scalenus 
ai Mens muscle be severed In then series of cases of cervical ribs 45 per cent 
c\l. bited symptoms referable to the anomalous ribs However, Torellff^ re- 
[ i.ied that only nine of 100 patients with cervical ribs whom he had examined 
piesented evidence that the anomalous iib was causing symptoms He esti- 
mated the incidence of cervical tibs in a large senes of cases to be about 
2 per cent 

Ochsner, Gage and DeBakey^^ agreed that post-fixation of the brachial 
plexus or poor development of the elevator muscles of the shoulder or the 
rectus abdominis muscles may constitute predisposing factors for the develop- 
ment of the scalenus anticus syndrome, but they suggested that spasm of the 
scalenus anticus muscle resulting from irritation of somatic efferent fibers 
passing to the muscle m the traumatized biachial plexus caused additional 
fievation of the first rib with furthei trauma to the biachial plexus and more 
muscle spasm Thus, it was postulated a vicious ciicle was established which 
must be broken for relief of the discomfort and could be done so most practi- 
cally by anterior scalenotomy They stated that the brachial plexus and 
subclavian artery are pinched between the scalenus anticus and medius muscles 
during the phase of muscular spasm Naffziger and GranU^ m reporting a 
series of cases of what was termed scalenus syndrome agreed essentially 
With previous theories of etiology 

Trauma w^as believed to have been the precipitating factor in 29 of 115 
cases of scalenus anticus syndrome reported by Jelsma Semmes and 
Murphey^'^ discussed the simulation of scalenus anticus syndrome by a herni- 
ated sixth clavical intervei tebral disk 

Swank and Simeone^^ concluded that the individual portions of the scalenus 
anticus muscle which arise from the anterior surfaces of the transverse 
processes of the third, fourth, fifth, and sixth cervical vertebrae can compress 
the subjacent cervical nerve root as it passes laterally and inferiorly to join 
the brachial plexus Primarily on these grounds they explained the various 
combinations of symptoms which may be seen with spastic scalene muscles 

It should be borne in mind that it has been adequately demonstrated that 
tie same complex of symptoms indicative of trauma to the brachial plexus 
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Fig 4 — ^Anterolateral view of supraclavicular area showing 
ferior curved portion of anterolateral border of scalenus medius 
and its approximation to the scalenus anticus 


may be found in the presence of a cervical rib or without an osseous anomaly 
In the former case the term, cervical rib syndiome, may be used and in the 
latter the term, scalenus anticus syndrome, has been applied Even though 
the cervical rib is small, it may be the key to the solution of the patient’s 
difficulty, for sometimes a firm, fibrous cord extends from the tip of the 
cervical rib to be attached to the first thoracic rib and thus serves as a ridge 
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high position of the thoiax in relation to the upper extremity, and the state 
of conti action of the scalenus anticus muscle Most investigators apparently 
believe that a combination of all these factors generally is piesent The 
scalenus medius muscle has been given little credit foi participating signifi- 
cantly in the production of symptoms However, Ochsner and associates^'* 
stated that the brachial plexus may be compressed between the scalenus 
anticus and medius muscles with increased irritation to the plexus, and Telford 



% 

Fig 6 — Anterolateral view of supraclavicular area showing usual 
relation of the anterolateral border of the scalenus medius to the 
anticus, subclavian artery and brachial plexus 

and Mottershead*® suggested that traction of the brachial plexus across the 
anterior margin of the scalenus medius muscle may irritate the component 
nerve fibers We-® presented evidence before the American Association of 
Anatomists in April, 1947, that the anatomic relations and the state of con- 
traction of the scalenus medius muscle may be the majoi factois in the produc- 
lon of the syndrome usually referred to as the scalenus anticus syndrome 
It is of interest to recall that most patients with this syndrome have no 
bony anatomic anomaly on which to blame the production of symptoms 
Moreover, only approximately 10 per cent of individuals with one oi more of 
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the bony anatomic valiants fiequently associated with this syndrome ever 
show any of its manifestations Fmtheimoie, many patients with a herniated 
ceivical intei vei tebi al disk oi othei lesion causing iieive lOot nutation exhibit 
extieme scalene muscle spasm without evidence of any of the described types 
of scalenus anticus s}ndroine Therefoie, one would conclude that the syn- 
dioine of the scalene muscles is moie likely to develop m certain individuals 
than othei s foi reasons w Inch ai e not appai ent by i oentgenographic examina- 
tion 

The soft tissue stiuctures which ha\e been considered of possible signifi- 
cance in the pioduction of this syndrome and which have been examined in 



Fig 7 — Anterior Mew of supraclavicular area showing usual relations 
of scalenus ineclius and anticus at their insertions 

detail in this gioup of dissections include the follownng 

1 Scalenus anticus muscle In all cases, most of the fibers of this muscle 
aiose from the anteiioi or infeiioi surface of the antenoi tubeicles of the 
cervical transverse processes fiom the thud to the sixth ceivical vertebrae 
inclusive These fibers, even if m marked spasm, are not sti ategically located 
to compress adjacent toots of the biachial plexus (Figs 1, 2, 3, 9a and 10b) 
Tile only possible w^ay for this portion of the muscle to contiibute to the 
sjndiome is by elevation of the iib to which it is inserted wath consequent 
trauma to the low^er trunk of the brachial plexus It is possible that such 
elevation of the first thoracic nb might, in some cases, constrict the lumen of 
the subclavian artery The artery may also be compressed by being displaced 
01 ward by the scalenus medius against a spastically contracted scalenus 
anticus muscle (Figs 5 and 10a) However, in most cases muscle fibers arose 
rom the inferior margin of the groove of the tiansveise process in which 
each nerve loot lay, as well as from the posterior tubeicle of the transverse 
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process (Figs 1, 2, 6, 9b, 11, 12a and b, and 13a and b) and passed mferiorly 
and anteriorly to join the body of the scalenus anticus muscle and insert with 
the fibers arising from the anterior surface of the transverse processes Those 
fibers having an attachment of origin from the posterior tubercle of the 
transverse processes have an origin in common with the fibers of the scalenus 
medius muscle (Figs 1 and 2) These might be termed tbe “posterior” 
components of the scalenus anticus muscle Similar bundles of muscle fibers 



Fig 8 — Anterolateral view of supraclavicular area showing close 
approximation of scalenus anticus and medius at their insertions with 
angulation of subclavian artery and components of brachial plexus 
across anterolateral border of scalenus medius 
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Fig 9— (A) Anterior view of scalenus anticus and related bony struc- 
tures Average distance of insertion of scalenus antics from the tube c 
of the nb IS indicated as determined on the left in 43 
Inferior view of cervical vertebra indicating areas of origin of scalenus 

anticus and medius 
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Fig 10 — (A) Diagram showing close approximation of scalenus anticus 
and medius at their Insertion (B) Anterior view of lower <:ervmal and 
upper thoracic regions showing relations of scalenus anticus, minimus 
and medius, brachial plexus and subclavian artery, 
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may have their oiigms on the tendons which give rise to the scalenus medius 
muscle Such bundles of muscle fibers aie situated so that upon contracting 
they might pinch the root of the hrachial plexus emeiging immediately below 
them These groups of muscle fibers aie not to be considered anomalous as 
they were present in most of the bodies studied However, tbeir size varied 
considerably as did their lelations with the adjacent nerves and the subclavian 
artery In the majority of cases the size of these bundles was so small that 



processes and to the nerves 

It was questionable that they would be able to compress the subjacent nerve 
sufficiently to cause significant in Ration of the nerve The seventh cei vical was 
the nerve most often situated in relation to such a bundle of muscle fibers of 
apparently significant size (Fig 11) In some instances, muscle fibers arose 
posterior and inferior to the sixth cei vical component to the brachial plexus, 
passed in front of the seventh cervical component, then posterioi ilj^ to descend 
behind the subclavian artery, and finally anteiiorly to insert with the scalenus 
anticus muscle (Fig 13b) In other cases, muscle fibers with a similar rela- 
tionship to the seventh cervical nerve inserted with the scalenus minimus or 
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medius (Figs 12a and b) It is obvious that bundles of muscle fibeis which 
have such a lelationship to the seventh ceivical neive, the subclavian arteiy, 
and the lowei tiunk of the biachial plexus might exeit undue piessure on 
these stiuctuies Similai components of llie scalenus anticus weie commonly 
piesent in i elation to the fifth and sixth ceivical neives 

A factoi in tlie effectiveness with which the scalenus anticus elevates the 
fiist lib IS the distance between the insertion of the muscle on the iib and the 
aiticulation of the tubeicle of the nb The gieatei this distance, the moie 
efficiently the muscle can elevate the iib In 43 male bodies examined this 
distance aveiaged 6 0 cm on the light and 5 9 cm on the left (Fig 9a) The 
meastiieinent langed fiom 6 4 cm to 5 2 cm on the light and horn 68 cm 
to 49 cm on the left In 13 female bodies examined this distance averaged 

Lateral views 



Fig 12~(A and B ) Lateral view of scalenus anticus and mimmus showing un- 
usual relations to tower components of brachial plexus and to the subclaMan aiteiy 


5 8 cm on the right and 6 0 cm on the left On the i ight the distance i anged 
fi om 6 6 cm to 5 0 cm and on the left fi om 6 6 cm to 5 3 cm 

The shoitei this distance, the moie intimately the muscle is i elated to the 
subclavian arteiy Howevei, m no instance was it appaient that the bulk of 
the muscle, that is, the portion aiising from the anteiior tubeicles of the 
cervical tiansverse processes, was situated so that it might, by itself, compress 
the subclavian arteiy legaicUess of the degiee of spasm On the other hand, 
F seems leasonahle to believe that the muscle might elevate the first nb 
sufficiently to compiess the aitery (Figs 4, 5, 6, and 7) Even in the cases 
lu which the attachments to the fiist iib of the scalenus anticus and scalenus 
niedius muscles were appioximated it was evident that neither the subclavian 
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artery nor the trunks of the brachial plexus could be compressed directly by 
the mam body of the scalenus anticus muscle acting alone 

2 Scalenus immmns muscle This muscle was present on the right in 
55 4 per cent and on the left m 56 1 per cent of the dissections In the majority 
of instances it was found to arise only from the seventh cervical transverse 
process (Fig 12a) Occasionally, additional fibers originated from the sixth 
cervical transverse process (Figs 13a and b) The muscle extends mferiorly 
and laterally to insert on the first rib usually at a point posterior and some- 
what lateral to the attachment of the scalenus anticus muscle (Figs 14b and 
15b) In some bodies the width of the insertion of the scalenus minimus was 
equal to the distance between the attachments of the scalenus anticus and 
medius Rarely did its insertion overlap those of the scalenus anticus and 
medius In practically all cases the muscle passed behind the subclavian 
artery and anterior to the lower roots of the brachial plexus from an origin 
on the seventh cervical transverse process behind the emerging seventh 
cervical nerve Usually the relationships and the size of the muscle were 
such that It did not appear capable of contributing significantly to the com- 
plex of symptoms Just as in the case of the mam body of the scalenus 
anticus, the minimus normally upon contracting would contribute to the 
symptoms only m so far as it might assist m elevating the first rib Its 
location and size are not suitable for the muscle to assist greatly in this 
activity However, if the muscle is comparatively large and has a wide inser- 
tion extending close to or overlapping that of the scalenus medius, it is 
strategically situated to function as one of the jaws of a vise in which the 
eighth cervical and first thoracic nerves may be trapped (Figs l5a and 15b) 
The opposing jaw of the vise would be the scalenus medius muscle 

Infrequently, the fibers of the scalenus minimus had a complex relation 
to adjacent structures For example, fibers sometimes arose from the postenoi 
margin of the sixth cervical transverse process and descended anterior to the 
seventh cervical nerve, but inserted behind the subclavian artery or even 
posterior to the eighth cervical and first thoracic nerves (Fig 12b) Such a 
relationship would allow the spastically conti acted muscle to have a maximum 
of leverage upon the adjacent nerves and artery 

3 Ve7 teh) ocostal ligament This ligament occupied the characteristic 
position of the scalenus minimus muscle bilaterally in 10 7 per cent and uni- 
laterally in 3 5 per cent of the dissections The attachments were found to be 
similar In an analysis of the activity of this ligament in the production of 
symptoms of the syndrone of the scalene muscles, it should be pointed out 
that the ligament becomes relaxed as the rib is elevated Thus, it might act 
less effectively than the scalenus minimus muscle as one of the jaws of a vise 
in which the lower roots of the brachial plexus might be pinched The situa- 
tion in which it would carry out such a function most efficiently is one in 
which the scalenus medius contracts sufficiently to displace the first thoracic 
and eighth cervical nerves but not enough to elevate the first rib 
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4 Scalenus medtus muscle The sites of origin included the posterior 
tubercles of the transverse processes of the cervical vertebrae from the third 
to the seventh inclusive The body of the muscle lay posterior to the roots 
and trunks of the brachial plexus in all dissections (Figs 1, 5, 6, and 10b) 
Its usual insertion was to the superficial surface of the first rib from near the 
tubercle of the rib to within a short distance of the attachment of the scalenus 
anticus (Fig 14b) The average length of the interval between the insertions 
of the scalenus anticus and medius muscles in 43 male bodies dissected was 
7 7 mm on the right and 7 8 mm on the left In 5 cases, the neighboring 
borders of the scalenus anticus and medius muscles were contiguous or over- 
lapped The length of this mteival varied up to 18 mm on the right and 
19 mm on the left In 13 female bodies dissected the same interval averaged 



Fig 13 — (A) Usual relations of scalenus minimus to anticus, adjacent spina! 
nerves, subclavian artery and first nb (B) Unusual relations of scalenus anticus and 
minimus to lower components of brachial plexus and to subclavian artery 


66 mm on the right, with a maximum of 13 mm The average on the left 
was 6 5 mm with a maximum of 12 mm One body revealed an approxima- 
tion of the adjacent borders of the scalenus medius and anticus 

Although the distance between the insertions of the scalenus anticus and 
medius muscles, as a rule, was approximately equal on the two sides, in one 
case there was a 10 mm difference The variable relationship between the 
insertions of the scalenus anticus and medius muscles is demonstrated m 
Figures 4, 5, 6, and 8 The relationship most commonly seen is that shown in 
Figure 6 Here a distance of 8 mm separated neighboring margins of the 
scalenus anticus and medius muscles Figures 5 and 8 illustrate scalenus 
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medms muscles more sti ategically located to pioduce symptoms leferrable 
to the brachial plexus 

The effectiveness with which the scalenus medius muscle functions m rais- 
ing the rib is to a large extent dependent on the size of the muscle and the 
distance of its insertion from the point about which the rib rotates as it is 
raised To estimate the variations in this function of the muscle, measure- 
ments were made of the distance between the articulation of the tubercle of 
the first iib with the first thoiacic tiansveise process and the anterior extent 
of the insertion of the muscle In the 43 male bodies dissected the distance 
varied from 6 7 to 3 4 cm with an avei age of 4 9 cm on the right and from 
6 8 to 3 2 cm with an average of 4 9 cm on the left (Fig 14a) In the 13 
female bodies dissected the same measui ement avei aged 4 7 cm on the right 
and 4 5 cm on the left In this gioup, the distance langed from 6 1 to 3 5 cm 
on the light and fiom 5 9 to 3 2 cm on the left 

The distance between the point of emeigence of the fiist thoiacic nerve 
fiom the mtei vertebral foiamen and the point at which it crosses the scalenus 
medius muscle is an index of the amount of ti action which may be exerted 
upon tbe neive nitli conti action of the muscle This distance was established 
appi oximately by measuring tbe interval betw'een tbe bead of tbe second rib 
and the anterior point of attachment of the scalenus medius to the first rib 
In the 43 male bodies dissected the distance averaged 4 0 cm on each side 
(Fig 14a) This interval ranged, on the right, from 2 5 cm to 5 2 cm and on 
the left from 2 7 cm to 6 2 cm In the 13 female bodies dissected, tins distance 
averaged 3 5 cm on each side It varied, on the right, from 2 5 cm to 5 cm 
and on the left from 2 7 cm to 3 8 cm 

In practically all dissections, tlie low'ei tiunk of the biachial plexus lested 
on the inferior poition of the antei olateral margin of the scalenus medius 
muscle as it descended into the uppei extremity regaidless of the i elation 
betw^een the attachments to the first rib of tbe scalenus anticus and medius 
(Figs 4, 5, 6, 7, 8, and 15a and b) In those bodies in which the distance 
betw^een the aiticulation of the tubeicle of the first iib wuth the tiansverse 
process and the antei olateral margin of the scalenus medius muscle and the 
distance between the lattei point and the head of the second iib are relatively 
great, the situation is optimal for in Ration to the brachial plexus with spastic 
conti action of the scalenus medius muscle (Fig 5) In this instance tbe 
former measurement was 6 4 cm and the latter 5 8 cm Anal} sis of oui data 
reveals that such a relationship of the scalenus medius is indicated by approxi- 
mation or overlapping of the adjacent margins of the scalenus anticus and 
medius muscles (Figs 4, 5, and 10a) The anterolateral border of tbe 
spastically contracted scalenus medius muscle may act as a sharp ridge over 
w^hich the component roots of the biachial plexus, especially the seventh and 
eighth cervical and the first thoracic roots are drawn by the noimal activity 
of the unper extremity The angulation of these nerves ovei the anterolateral 
border of the scalenus medius muscle is accentuated by retraction of the 
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uppei extieniilies such as in carrying a pack on the back With conti action 
of the scalenus inedius, the lowci tiiink of the biachial plexus may be tiaus- 
ferred to a location in moie dnect contact with the fiist rib This position 
IS made inoie tiaumatic to the neives because of the elevation of the rib by 
the activity of both the scalenus inedius and anticus muscles It should be 
paiticularly emphasized that the lowei poition of the antei olatei al maigm 
of the scalenus medius fiequentl}^ piesents a marked concavity in which the 
lowei tiiink of the biachial plexus lies This is well illustiated m Figuie 4 
Such a relationship allows foi maximal displacement of the lower tiunk of 



A B 

Fig 14 — (A) Anterior view of scalenus medms and related bony struc- 
tures Average distance of the most anterior point of insertion of scalenus 
medius from the tubercle of the first nb and the head of the second rib 
as determined in 43 male bodies is indicated (B) Superior surface of first 
nb showing usual relations of inseitions of scalenus anticus, minimus 
and medius 


the biachial plexus from its usual position with spastic conti action of the 
scalenus medius muscle The scalenus medius does not have as great a 
mechanical advantage as the scalenus anticus m laising the first nb because of 
4s being attached to the iib closei to the point about which the nb rotates 
^s It IS elevated Howevei, the pioximity of the attachment of the scalenus 
medius to the articulation of the tubercle of the nb with the vertebia allo\vs 
4 to cause a greatei upivai cl excui sion of the i ib as compai ed wuth the range 
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of movement of the nb caused by a contraction of equal strength by the 
scalenus anticus The greater size of the scalenus medius suggests that it 
may be a more important factor in raising the nb than the scalenus anticus 
It should also be noted that the scalenus medius usually has an extensive 
attachment to a cervical nb when the latter is present and frequently the 
scalenus anticus has none 

5 Components oj brachial plexus Although the structure of the brachial 
plexus vanes, it has not been apparent m this senes of dissections that the 
size of the roots of the plexus or their relations with nerves of adjacent seg- 
ments varied sufficiently to justify the significance which has been attached 



Antero-lateral view 
A B 


niG 15 — Inferior Mew of scalenus anticus, minimus and medius showing relations 
the eighth cervical and first thoracic nerves (B) Anterolateral view ol suina- 
clavicular area showing usual relations of scalenus anticus, minimus and medius to 
each other and to the adjacent nerves and the subclavian artery 

to “prefixed” and “postfixed” plexuses The addition to the upper or lower 
components of a considerable number of fibers would result m a very small 
increase in the caliber of the roots The variation in contributions of fibers 
from segments above or below the fifth cervical or first thoracic was not found 
to produce relations of apparent importance 

CONCLUSIONS 

This series of dissections has demonstrated several factors which seem 
of importance in the production of the syndrome of the scalene muscles 
These are 1 ) elevation of the first nb by the activity of the scalenus anticus 
and medius muscles aided by the scalenus mimmus muscle, when the latter is 
present, with irritation to the lower components of the brachial plexus, 2) 
contraction of the “posterior” components of the scalenus anticus muscle with 
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coiiipiession of the immediately adjacent neive loot or the subclavian aitery, 
and 3) ti action of the components of the biachial plexus, especially the 
seventh and eighth ceivical and fiist thoracic neives, acioss the anterolateral 
maigin of a spastic scalenus medius muscle A lesser factor is the trauma 
which may lesult fiom the scalenus minimus muscle or veitebrocostal liga- 
ment functioning as the anteiior jaw of a vise in which the lower trunk of the 
biachial plexus may be trapped 

It is impossible for the mam bodj^ of the scalenus anticus muscle, that is, 
that poition aiismg from the anteiior surfaces of the cervical transverse 
piocesses, to compress directly the components of the brachial plexus This 
part of the muscle is impoitant in the syndiome only through its activity in 
elevating the fiist rib and in seiving as a rigid structure against which the 
displaced subclavian artery may be compressed However, direct compression 
of the fifth, sixth, and seventh cervical nerves, especially the latter two, may 
lesult fiom conti action of the bundles of muscle fibers which arise from 
the mfeiioi and posteiioi aspects of the ceivical transverse processes and 
join the mam bodj' of the scalenus anticus muscle Although the presence 
of such bundles of muscle fibers is common, their size and relation to the 
adjacent neive and to the subclavian artery are variable In those cases 
in which the i elation of the bundle of muscles to the neive is such that the 
level age exeited by the muscle is optimal, it is obvious that even a small 
bundle of muscle fibers might cause sufficient local ischemia of the neive to 
pioduce symptoms 

An unusually large scalenus medius muscle not only may elevate the rib 
to a gi eater degree but forms a moie prominent ridge across which the lowei 
components of the brachial plexus may be drawn when the muscle is in 
spasm The degree of traction exeited on the components of the plexus is 
also related diiectly to the distance which this muscle extends anteriorly along 
the first rib If the insertion of the scalenus medius approximates that of the 
scalenus anticus muscle, the situation is most favorable for the scalenus 
medius to cause symptoms Traction of the artery across the edge of the 
muscle or across the first rib may cause alterations in the volume of the pulse 
as measured at the wrist 

It is possible that the upper extremity may assume a relatively low position 
and the thoracic cage a relatively high position because of atony or poor 
development of the muscles of the shoulder girdle and abdomen However, 
h seems doubtful that this relationship is ever changed sufficiently by such 
phenomena that the lower trunk of the plexus would be irritated by being 
drawn acioss the first rib or an atonic scalenus medius muscle It is apparent, 
on the other hand, that the presence of such a set of circumstances would 
niake one more susceptible to the development of symptoms indicative of 
trauma to some or all components of the biachial plexus if the scalene muscles 
^veie spastically contracted 
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We Wish to minimize the probability that pure anatomic lelations fre- 
quently by themselves initiate such muscle spasm Instead, we desire to stress 
that the piesence of ceitain anatomic lelationships mentioned m this papei 
may make one considerably moi e susceptible to the development of symptoms 
in the presence of scalene muscle spasm Anteiior scalenotomy possibly too 
frequently ‘has constituted the tieatment of onl}’^ one of the manifestations 
of a moie seiious disease 

We believe that surgical tieatment of the syndiome of the scalene muscles 
should include resection of the majoi poition of the scalenus anticus and of 
the scalenus minimus or veitebiocostal ligament when either of the latter is 
present In addition, if it is appaient that the lower ti Links of the biachial 
plexus may be tiaumatized by angulation across the anteiolateral border of 
the scalenus medius, as is suggested by the appioximation of its insertion to 
that of tlie scalenus anticus, the portion of the scalenus niedius immediately 
posteiior to the lowei tiunks of the plexus should be lesected 
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Direct local injection of penicillin is an effective and economical 
method of administering this therapeutic agent in acute localized infections 
caused by organisms sensitive to this antibiotic To date penicillin has proved 
to be the most effective agent against staphylococcic and sti eptococcic infec- 
tions It may be given intravenously, intramuscularly, applied topically, or 
injected directly into an infected aiea The regional injection of penicillin in 
acute local infections is not new Florey,^ Cutler,- Rose and Hurwitz,^ Peck,^ 
Sophian,'' Fisher,® and otheis have employed this technic with excellent 
results 

The purpose of this report is to recoid the obseivations and results ob- 
tained by the regional injection of penicillin in over three hundred cases of 
acute localized infections in various parts of the body This work was initiated 
in 1943 on a septic surgical ward of an Army regional hospital, and continued 
on the surgical out-patient services of Touro Infiimary and of Charity Hospital 
of Louisiana at New Orleans The results obtained were so highly satisfactory 
that it IS surprising that this method of administration has not gamed m 
popularity 

Acute infections may be divided for practical purposes into two clinical 
types (1) acute infections which do not cause death of tissue, such as septi- 
cemia and cellulitis and (2) acute infections causing suppuration and death 
of tissue, as seen in boils and carbuncles In the absence of suppuration or 
death of tissue, acute infections are superficial and spread over a wide aiea, 
relatively unconfined by a wall of inflammatory tissue In contrast, where 
suppuration and death of tissue have occurred, a localized area of gangrene 
IS surrounded by a zone of granulation tissue which separates the living from 
the dead tissue and which ciicumscnbes the infection and prevents its spread, 
but which also acts as a barrier to a free circulation into the diseased area 
Because of these differences, the response to any form of therapy is not the 
same in these two types of acute infection 

It has been shown that the i exults of parenteral therapy with penicillin 
may vary considerably in the two types of acute infection The results in acute 
infections m which there is no death of tissue are quite dramatic, while in 
acute localized infections, with suppuration, the results are not only less 
dramatic but at times even discouraging If penicillin therapy is to be effective, 
the infecting organisms must be susceptible to the antibiotic and an adequate 
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concentiation of the diug must be obtained in the tissue in which the bacteiia 
aie imbedded Because of the impcnetiable mflaminatory barrier suriounding 
a localized area of gaiigiene, ciiculatioii to this aiea is impaired and penicillin, 
when given paienteially, does not leach the diseased areas in sufficient con- 
centration to be of any value 

Penicillin has seveial piopeities that give it distinct value as an antibac 
terial agent, for local application It is active against most of the organisms 
responsible for acute local infections It is active m high dilutions It is not 
inhibited by exudates, and it is non-toxic when given either locally or paren- 
terally 

In view of these facts, it seemed to us that the most suitable method of 
administration of penicillin m acute localized infections should be direct injec- 
tion into the infected aiea By this means a high concentration and a deep 
even distribution of the drug at the point where it was needed could be assured 
The injections should be repeated often enough to ensure prolonged contact, 
thei eby killing or inhibiting the gi owth of bacteria, so that the natui al defenses 
of the body could complete the rest of the destruction and proceed with the 
process of repair 

The response obtained by this method of treatment, when compared with 
results of the general administration of penicillin, was so striking that it seems 
worthwhile to direct fuither attention to this method of treatment 

METHOD OF TREATMENT 

Three cubic centimeters of distilled water aie injected into the bottle con 
taming 100,000 units of penicillin, making a dilution of approximately 33,000 
units to the cubic centimeter The size of the lesion determines the amount of 
the solution to be injected Too much tension in the infected area may break 
down the barriers that the body has set up to localize the infection and must 
be avoided This is a matter of judgment Small lesions require 0 5 to 1 cc 
at each injection, while larger ones, such as a carbuncle, may require 4 cc , or 
even more Approximately 1 cc is given for the average localized abscess 
The required amount is aspirated from the bottle containing the solution and 
the remainder kept in the ice box for injection on the following day, as the 
potency of refrigerated penicillin in solution is maintained for approximately 
twenty-four hours 

The injection is made with a 24-gauge hypodermic needle into the most 
dependent area of the abscess Without entiiely removing the needle, the 
operator makes seveial injections into different areas of the lesion in order 
to insure an even distribution of the drug Usually spontaneous evacuation of 
pus occurs during the injection, depending upon the stage of the infection If 
the abscess is superficial and pointing, this occuis practically all the time 
In cases m which the abscesses are fluctuant, they are aspirated with a largei 
needle immediately before the injection of the penicillin solution In carbuncles 
die injections are made between the aieas of pointing, and the needle is usually 
nisei ted deeper than in the localized abscesses 


1203 



KAPLAN AND RABIN 


Annals of Surgery 
June 1948 


Following the injection a dry sterile dressing is applied For several 
leasons it is desirable to keep the infected area closed (1) This keeps the 
penicillin solution in contact with the infecting organisms (2) It is important 
to obtain as high a concentration as possible in the diseased area, for in the 
early stages of infection there are some strains of staphylococci which are 
lesistant to low concentrations of penicillin but are susceptible to the higher 
concentrations (3) The danger of infection of the wound by secondary in- 
vaders which may produce penicillinase is minimized 

The injections are usually quite painful, the degree of pain varying witn 
the density of the tissues and the volume of the fluid injected However, the 
pain does not persist more than 4 to 6 hours 

Some increased redness is usually noted on the day following the injec- 
tion At that time another injection is made in the same manner as the first 
On the third day the degree of resolution noted is quite surprising 

In about one-fifth of the furuncles only one injection was necessary, the 
others required 2 Most were entirely healed on the fourth day The car- 
buncles required 3, and occasionally 4, injections, and were healed on the 
tenth day In a large number of abscesses there was complete absoiption 
without any external drainage 

RESULTS 

Carbuncles — ^There were 24 carbuncles in this series 8 on the posterior 
aspect of the neck, 10 on the upper back, 2 on the buttocks, 1 on the right 
anterior lateral abdominal wall, and 3 on the thigh The average number ot 
injections given on successive days was 3 The average number of days re- 
quired for healing was ten 

These results are in marked contrast to those observed following surgical 
procedures An average of 43 days was required for healing following 
incision and drainage in a series recently operated by Maes and Herring- 
man ^ Extremely gratifying, in addition to the rapid healing time, was the 
cosmetic result obtained There was no loss of skin and there were no deform- 
ing scars, as seen following surgical intervention 

A short control series was run in this group Two patients with carbuncles 
on the neck were given 30,000 units of penicillin parenterally every three 
hours for seven days At the end of this period both patients still had large 
carbuncles with many areas of drainage It was six weeks following incision 
and drainage before healing took place Two carbuncles on the back of the 
neck were injected locally with 100,000 units of penicillin in 3 cc of distilled 
water daily for three days In addition, 30,000 units of penicillin were admin- 
istered intramuscularly every three hours for ten days The response was 
dramatic The carbuncles seemed fairly to melt away and were entirely healed 
in ten days Two carbuncles, one on the back of the neck, the other on the 
Duttocks, were treated solely by local injection of 100,000 units of penicillin 
in 3 cc of distilled water daily for three days The results were equally as good 
as in the group which had been given penicillin parenteially as well as locally 


1204 
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Number 6 

In the two patients who received penicillin parenterally only, it is doubtful 
tliat the drug i each the infected ai eas in sufficient concentration to be of any 
definite value Because of the inflammatory barriers surrounding the infection 
and the lack of circulation to the necrotic center, the antibiotic could not be 
expected to reach the bacteria imbedded in the slough and sterilize it In con- 
trast to the difficulty and expense of the maintenance of a high concentration 
of penicillin by parenteral administration over a period of many days or 
weeks, local injections offer a suitable and efficient alternative 

Fw uncles — Furuncles formed the largest group in this series of cases 
Eighty-seven per cent responded favorably to this form of therapy, 13 per 
cent required incision and drainage 

Breast Abscesses — ^Two abscesses of the breast were seen They were 
both superficial, located near the nipple, and fluctuant They were aspirated 
and injected with 60,000 units of penicillin in 2 cc of distilled water on two 
successive days Both were healed on the fifth day 

Axillaiy Fnumculosis — Theie were 10 cases of axillary furunculosis 
Seven patients had multiple lesions All responded favorably and there weie 
no recurrent “crops” as often seen following incision and drainage The 
average time for healing, following 2 successive injections, was five days 

Cellulitis — ^While a fairly large number of celluhtides were seen, only a 
few were treated by local injections and this procedure was soon discontinued 
These infections aie superficial and not well localized Any increased tension 
in them will cause the infection to spread This happened in one of our patients 
when we first began this form of therapy A young man was seen with an area 
of cellulitis measuring approximately 5 x 6 cm on the ventral aspect of the 
light upper forearm The are was injected locally with 60,000 units of peni- 
cillin in 2 cc of distilled water The following day the area of inflammation had 
spread to an alarming proportion He was admitted to the hospital and, with 
the administration of penicillin intramuscularly, the lesion cleared m a short 
time This type of infection i esponds rapidly to parentei al therapy and should 
be so tieated 


CONTRAINDICATIONS 

Local injection of penicillin is not lecommended in infections in the dan- 
geious aieas of the face, in celluhtides, and in bone felons 

COMMENT 

It IS not the purpose of this report to leave the impression that this form 
of therapy should be used in all types of acute localized infections It should 
be reserved for the more serious ones and for the lesions so located that sur- 
gical procedures may produce a bad cosmetic result It is useful when surgical 
intervention has proved to be inadequate In well localized infections that are 
fluctuant, simple aspiration or incision and drainage are the procedures of 
choice Suigical judgment should be exeicised in each individual case 


1205 



KAPLAN AND RABIN 


Annals of Surgery 
June 194ii 


SUMMARY 

(1) The technic and the results of the local injection of penicillin in acute 
circumscribed areas of infection in over thiee hundred ambulatory patients 
are presented 

(2) Experience with this method of local therapy with penicillin has 
demonstrated that it is safe, effective and economical There were no com- 
plications 

(3) Because of the impeimeable inflammatory barrier surrounding an 
acute localized infection, penicillin, when given parenterally, may not reach a 
sufficient concentration in the affected area for therapeutic effectiveness 

(4) By local injection it is possible to reach a concentration in the infected 
area far in excess of the highest levels obtained by intramuscular adminis- 
tration 

(5) Following injection directly into the affected tissue, there is almost 
immediate improvement and recovery is established m a few days 

(6) Extremely gratifying, in addition to the rapid healing time, is the 
cosmetic result obtained There is practically no loss of skin and no deforming 
scars are seen as usually found following surgical intervention 

(7) This procedure is not recommended for the treatment of the celluh- 
tides, for infections in the dangerous areas of the face, or for bone felons 

(8) Surgical judgment must be exercised m each individual case 
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TEMPORARY FAILURE OF GALLBLADDER VISUALIZATION 
BY CHOLECYSTOGRAPHY IN ACUTE PANCREATITIS 
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During a five-year period intravenous cholecystograms were done on 
28 patients with acute pancreatitis In all cases the initial cholecystography was 
performed during the acute phase of the disease (Table I) In 12 patients the 
gallbladder visualized and in 16 patients the gallbladder failed to visualize at 
the initial cholecystogi aphy Six of the latter group had cholecystograms after 
the signs and symptoms of the disease had subsided, which revealed a nor- 
mally visualizing gallbladdei (Fig 1 and 2) In five cases cholecystography 
was not repeated The remaining five cases m which the gallbladder did not 
visualize during the acute stage of pancreatitis were subjected to laparotomy , 
the gallbladder appealed giossly noimal in all cases, and was within normal 
limits by microscopic examination in the thiee cases m which the normal ap- 
pearing gallbladder was removed (Fig 3 and 4) Patients with evident 
cholecystitis and pancieatitis were excluded from this case study 

The eleven cases of acute pancreatitis with temporary failure of gallbladder 
visualization m which subsequent cholecystography or operation demonstrated 
an essentially normal gallbladder are summarized as follows 

Case 1 A man 52 years of age complained of intermittent abdominal pain, 
nausea, and vomiting of six days’ duration Examination revealed diffuse abdominal 
tenderness most marked in the epigastrium The highest blood serum amylase reading 
was 922 Somogyi units Liver function tests were not done All symptoms and signs of 
the disease subsided under conservative treatment over a period of four days The 
gallbladder failed to visualize by the intravenous lodekon method on the sixth day of the 
disease However, on the twenty-third day, 13 days after the acute episode of pancrea- 
titis had subsided, intravenous cholecystography revealed a normal gallbladder visua- 
lization 

Case 2 During a period of four months a woman 68 years ot age had three 
episodes of nausea, vomiting, and epigastric pain radiating to the back and shoulders 
Her most recent illness began seven days before examination The epigastrium and 
right lower abdomen were tender The highest serum amylase reading was 502 Somogyi 
units Icterus index, blood serum proteins, and sodium benzoate conjugation were within 
the limits designated as normal The gallbladder failed to visualize by the intravenous 
lodekon method on the seventh day of the last acute episode of pancreatis The acute 
symptoms and signs of the disease subsided over a period of six days under conservative 
management On the 19th day, six days after the acute pancreatitis subsided, the gall- 
bladder visualized normally by intravenous cholecystogram 

Case 3 A man 32 years of age gave a history of two episodes of cramping epi- 
gastric and generalized abdominal pain Also there was a history of alcoholism The 
more recent attack began seven days before examination There was a moderate degree 
of tenderness in the epigastrium The highest blood serum amylase reading was 449 
Somogyi units Bromsulphalem excretion, cephalin flocculation, blood serum proteins, 
prothrombin time and serum cholesterol were within the limits ordinarily designated 
as normal The gallbladder failed to visualize by the intravenous lodekon method on 
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the seventh day of the recent episode The acute symptoms and signs subsided with 
conservative treatment over a period of twenty-four hours On the 16th day, nine days 
after the acute pancreatitis subsided, the gallbladder visualized normally following the 
intravenous administration of lodekon 

Case 4 A man 32 years of age had four attacks of nausea, vomiting and epi- 
gastric pain over a period of three years Examination three days after onset of the 
most recent attack revealed diffuse abdominal tenderness, most marked m the epigastrium 
The highest blood serum amylase reading was 582 Somogyi units Blood serum 
cholesterol, proteins and icterus index were within the limits of normal The gallbladder 
failed to visualize by the intravenous lodekon method on the third and on the fifth days 
of the acute illness The symptoms and signs of the acute illness subsided rapidly under 
conservative treatment On the 27th day following the onset of the illness the gallbladder 
visualized normally by intravenous cholecystography 



(5) E D 

Fig 1 Case 5 Acute pancreatitis Blood serum amylase Determinations 
expressed in Somogyi units 

Case 5 A man 29 years of age had two attacks of epigastric pain with nausea 
and vomiting in a period of four years Two days after the beginning of the more 
recent attack examination revealed tenderness in the epigastrium and periumbilical 
regions The highest blood serum amylase reading was 376 Somogyi units With 
conservative management the symptoms and signs of the disease subsided over a period 
of four days The gallbladder failed to visualize by the intravenous lodekon method on 
the second day of the acute illness, but visualized normally on the 38th day, 32 days 
after the signs and symptoms of acute pancreatitis had subsided 

Case 6 A man 55 years of age complained of epigastric and left subcostal pain 
of two days’ duration There were tenderness and spasm m the epigastrium and lower right 
abdomen Maximum blood serum amylase reading was 264 Somogyi units Icterus index 
and blood serum proteins were within the limits of normal Over a period of two days the 
signs and symptoms of the disease subsided with conservative treatment On the second 
day of the acute illness the gallbladder failed to visualize by the intravenous lodekon 
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Table I — Cholco/stographij in 28 Patients with Acute Pancreatitis 


Number 
of cases 


Normal gallbladder visualization during acute pancreatitis 12 

Temporary failure of gallbladder visualization during acute pancreatitis, normal visualization 

after disease subsided 6 

Temporary failure of gallbladder i isualization during acute pancreatitis, normal gallbladder 

found at operation 5 

Failure of gallbladder visualization during acute pancreatitis, subsequent visualization or 

operation not done 5 

TOTAL 28 


method, but it visualized normally on the 23rd day, 19 days after the acute signs and 
symptoms of pancreatitis had subsided 

Case 7 A woman 43 years of age had repeated attacks of epigastric and right 
upper abdominal pain over a period of two weeks Examination two days after the onset 
of the most recent episode revealed tenderness in the epigastrium The maximum blood 
serum amylase reading was 1100 Somogyi units Liver function tests were not done At 
this time the gall bladder failed to visualize by the intravenous method Laparotomy on 
the same day revealed an acute pancreatic edema but the gallbladder appeared perfectly 
normal The patient promptly recovered but had a recurrence one month later 



Fig 2 — Case S Intravenous cholecystography Left, on second day of 
acute pancreatitis gallbladder did not visualize Right, on 38th day, 32 
nays after acute pancreatitis subsided, normal gallbladder visualization 
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Fig 3 — Case 9 Acute pancreatitis 
Blood serum amylase determinations ex- 
pressed in Somogyi units 


Case 8 A man 43 years of age com- 
plained of epigastric and right lower ab- 
dominal pain with nausea and vomiting of 
two days’ duration The patient appeared 
very acutely ill and there was spasm and 
tenderness throughout the upper abdomen 
A serum amylase and liver function deter- 
mination were not done The gallbladder 
failed to visualize by the intravenous lode- 
kon method Laparotomy performed on the 
second day of the illness revealed an acute 
hemorrhagic pancreatitis The gallbladder 
appeared normal The patient died shortly 
after the operation 


Case 9 A man 47 years of age com- 
plained of epigastric pain, nausea and vom- 


iting of SIX days’ duration Examination revealed tenderness and rigidity in the upper 
abdomen The maximum blood serum amylase reading was 690 Somogyi units The 
sodium benzoate conjugation test was within normal limits The gallbladder failed to 
visualize by the intravenous lodekon method on the sixth day of the acute illness Symp- 



Fig 4 Case 9 Left, the gallbladder does not visualize by intravenous cholecysto- 
gram on sixth day of an attack of acute pancreatitis Right, normal histologic appear- 
ance of the wall of the normal appearing gallbladder removed at operation 
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toms of the acute illness subsided in 24 hours Laparotomy revealed an indurated pan- 
creas The gallbladder was removed and found to be grossly and histologically normal The 
patient recovered promptly 

Case 10 A man 50 years of age complained of nausea, vomiting, and epigastric 
pain radiating to the back of five days’ duration There was tenderness to palpation deep 
in the epigastrium The maximum blood serum amylase reading was 553 Somogyi units 
The gallbladder failed to visualize by the intravenous lodekon method Sodium benzoate 
conjugation and prothrombin time were normal The acute symptoms and signs of the 
disease subsided in two days Laparotomy revealed an indurated pancreas The liver and 
gallbladder appeared to be normal Cholecystectomy was performed Gross and histological 
examination revealed a perfectly normal gallbladder The patient recovered 

Case 11 A man 55 years of age complained of severe epigastric and generalized 
cramping abdominal pain of ten days’ duration Examination revealed tenderness and 
rebound tenderness m the upper abdomen The blood serum amylase was 265 Somogyi 
units The icterus index and Rose Bengal excretion tests were within normal limits The 
gallbladder failed to visualize by the intravenous lodekon method The acute symptoms 
of the disease subsided over a period of three days At laparotomy the pancreas appeared 
edematous and indurated, the liver and gallbladder appeared normal Cholecystectomy 
was performed The gallbladder was normal by gross and histological examination The 
patient recovered 

From this group of cases it appeals that in some patients with acute pan- 
creatitis, the ability of the apparently noimal gallbladder to concentrate lodekon 
was lost temporal ily duiing the acute phase of the illness No evidence of im- 
pairment of hepatic function was found in those cases m which liver function 
tests were done, and none of the patients were jaundiced Elman^ mentions 
this phenomenon but does not explain it The reason for temporal y failure of 
gallbladder visualization by cholecystography in this selected group of patients 
vith acute pancreatitis is not apparent at present 

SUMMARY 

In a selected gioup of 28 patients who had cholecystogi ams made clunng 
the acute phase of illness with acute pancreatitis the gallbladder visualized 
normally in 12 cases and failed to visualize in 16 cases In six patients in the 
latter group the failure of the gallbladder to visualize during the acute illness 
was temporary, and additional cholecystograms made after the acute pan- 
creatitis had subsided gave noimal visualization of the gallbladder In five 
other patients the gallbladder failed to visualize during the episode of acute 
pancreatitis but the gallbladder was found to be normal at operation In the 
remaining five cases in which the gallbladder did not visualize during acute 
pancreatitis no follow-up cholecystography or operation was done 

Explanation of this phenomenon of temporary failure of visualization of 
die apparently normal gallbladder m this selected gi oup of patients with acute 
pancreatitis is not apparent 


Elman, Robert 
1938 
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Major surgical procedures in infants and small children present many 
special problems, not the least of which is the technical difficulty of adminis- 
tering fluids and blood intravenously The loss of 100 cc of blood in a small 
infant during an operation may be unavoidable This amount, though negli- 
gible in a large child or adult, lepresents a significant percentage of the blood 
volume of a small infant and must be quickly replaced 

It has been common practice for many years at The Children’s Hospital 
to have a constant intravenous infusion running before any major surgical 
procedure is undertaken either in infants oi childien In the past this has 
been accomplished by making a small incision over the medial malleolar vein, 
isolating It, and inserting into it a blunt No 19 or No 20 gauge needle which 
can be tied m place This method has been satisfactory m larger children, but 
m infants it has been difficult at times to place the needle propeily m the 
vein and to maintain its patency when the infant is moved on the operating 
table 01 during long operations Such needles require almost constant atten- 
tion because the incidence of clotting in the needle is high, particularly in 
small infants when the fluid must drip slowly before operation This clotting 
has often stopped the flow of blood into a vein at a critical point in an 
operation 

A modification of the method has been sought and preliminary experimen- 
tation was earned out on animals before the method to be described below 
was adopted for use in infants Myers^ has described a method of inserting 
a plastic tubing through a large bore needle in adults for repeated administra- 
tion of intravenous medication This method is hardly applicable to infants, in 
whom the veins are not large enough to accommodate the large needle necessarj 
foi the insertion of a tubing Advantage has been taken of a new plastic, 
polyethylene (polythene),! which can be made in the form of film or tubing 
and which is flexible, semi-transparent, tough, light, and easily sterilized 
When obtained in absolutely pure form it has been found by Ingraham, 
Alexander and Matson^ to be non-irritatmg to tissues and as well tolerated 

* Resident Neurosurgeon, The Children’s Hospital, Boston, Massachusetts 
** Formerly Surgical House Officer, The Children’s Hospital, Boston, Mass 
Associate Neurosurgeon, The Children’s Hospital, Boston, Massachusetts 
t Obtainable from Suprenant Electrical Insulating Company, 199 Washington Street, 
Boston, Mass 
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as tantalum, vitallium and methylmethaciylate Diamond and Thomas^ have 
used polyethylene tubing in replacement tiansfusions of newborn infants 
with eiytlu oblastosis fetalis They have encounteied no difficulty with clotting 
in the tube, which is placed in the umbilical vein of the infant It has been 
possible for them to peifoim leplacement transfusions of over 500 cc by this 
method 


TECHNIC 

The infant is lightly secured to a 
wheeled litter in a loom adjoining 
the mam operating room The leg is 
strapped to a padded board as shown 
m the accompanying photograph 
(Fig 1) The skin IS prepared as for 
any surgical procedure and draped 
with sterile towels The region over 
the internal malleolar vein is infil- 
trated with 1 per cent procaine The 
instruments and drapes supplied for 
this procedure include gown and 
gloves, basins for solutions used in 
preparing the skin, 1 per cent pro- 
caine, 2cc syringe, four hemostats, 
a pair of small forceps a small scal- 
pel, scissors, a fine nerve hook, silk 
sutures, gauze sponges, towel clips 
and a No 18 needle 

A piece of polyethylene tubing 30-40 cm m length is provided Two sizes 
of tubing are used, one with an outside diameter 067 and an inside diameter 
of 047 into which an No 18 needle fits snugly, and a second less frequently 
used size (outside diameter 050, inside diameter 034) which accommodates 
a No 19 gauge needle The tubing is sterilized by soaking in a 1 1000 aqueous 
solution of Zephiran for 18 to 24 hours Attention should be directed to the 
necessity for filling the lumen of the tubing with the solution and to weighting 
the tubing to the bottom of the solution pan with a material heavier than water 
An incision 1 0 to 1 5 cm long is made transversely just lateral to the medial 
malleolus If the medial malleolar vein is excessively small or has been previ- 
ously utilized in other operations, the veins over the radial side of the wrist oi 
in the autecubital space are employed The tissues are spread, the vein picked 
up with a nerve hook, and the vein freed from the surrounding tissue for a 
tiistance of 1 cm A silk tie is placed on the vein distally for use in traction 
1 he end of the plastic tubing is bevelled with scissors A small opening is made 
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Fig 1 — Leg of infant secured to 
padded board with adhesive strips Poly- 
ethylene tube inserted into internal malle- 
olar vein under local Procaine anesthesia 
Whole blood running through tube 
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With the scissors and the tubing inseited while traction is excited on the sutuie 
Qistally. Ordinal ily the tubing can be inseited easily 6 to 10 cm into the vein, 
but It will usually function satisfactorily if inserted only 1 to 2 cm It is with- 
drawn about 1 0 cm to obviate the possibility of the end of the tubing being 
lodged against a valve in the vein A piece of fine silk is then placed around 
the vein and tubing within it and tied securely Two silk sutures are used to 
approximate the skin edges 

A segment of tubing about 25 cm in length is allowed to extend from the 
wound and it is secured to the foot and ankle by two pieces of adhesive tape 
(Fig 2) The tubing is attached to a needle which m turn is joined to a rubbei 
tubing and buret by means of a syringe with a sidearm or an ordinary glass 
adapter A glass drip is incorporated in the rubber tubing so that the rate at 
which the fluid is running can be accurately determined 



Fig 2 — Leg removed from restraining board Transparent polyethylene tube 
secured to foot by two small pieces of adhesive Wound covered by sterile dress- 
ing Distal end of tube connected to sidearm syringe of intravenous drip set by 
No 18 gauge needle which fits snugly into tube 

The leg is removed from the board to which it was secured during the inser- 
tion of the intravenous tubing It is not immobilized General anesthesia is 
then begun and the patient transported to the operating room 

The patient is usually taken to the ward after operation with the intravenous 
tubing in place This can be done either with the intravenous solution dripping 
or with a small syringe attached to the tubing, the tubing irrigated with isotonic 
saline solution, and the plunger of the syringe held in the closed position with a 
strip of adhesive (Fig 3) It is possible to resume the administration of fluids 
through the tubing several hours later merely by attaching another rubber tube 
with glass adapter to the plastic tubing The syringe has been left in place on 
the plastic tubing as long as 18 hours on several occasions and the administra- 
tion of fluids resumed again without difficulty 

It has been the usual practice to remove the tubing from the vein within 24 
hours after its insertion, but in many instances the tubing has been left in 
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place 48 houis oi moie, and in one instance it was allowed to diip continuously 
foi five days The tubing has occasionally been left in place longer than 48 
houis eithei because of the necessity foi administei ing fluids to a seriously ill 
infant Mithout fuithei distuibances to the patient, or, dm mg the peiiod of 
development of the method, to deteinime its feasibility foi piolonged admm- 
istiation of fluids to infants with dianhea, nutiitional disturbances, and those 
unable to take fluids by mouth In no instance has blood clotted within the 
pol}eth}lene tube so that it was impossible to lesume the administration of 
fluids 


DISCUSSION 

This method of admmisteimg mtiavenous fluids and blood has been used 
in over 90 cases on the neurosuigical seivice since January 1, 1947, and it has 



Fig 3 — ^After operation the infusion of intravenous fluids may be discontinued 
for 18-24 hours and started again through the same plastic tube The tube is irngatea 
With isotonic saline Plunger of syringe held in closed position with adhesive to 
prevent reflux of blood into the tube Syringe secured to lower leg Intravenous 
drip begun again by reconnecting set containing fluid to the plastic tube 


been found to have many advantages over the methods previously employed 
The most valuable feature of this method is its dependability Only once during 
the SIX months’ period of its use during all major neurosurgical procedures 
at The Children’s Hospital has there been any difflculty with the administration 
of blood during an operation In that case the tubing had been inserted through 
the wall of the vein and was not lying m the lumen In all other instances it 
has been possible to administer whatever fluid or blood was necessary, in some 
cases up to 1500 cc of blood over a period of less than 45 minutes 

The ease with which the tubing can be placed m the small veins of infants 
IS also a distinct advantage The tubing is placed m the vein by the house 
officer on the seivice before the anesthesia is started In most cases the house 
officei has had only a few months of surgical training, but even m mexpeii- 
enced hands, the inseition of the tubing rarely requires more than a few 
minutes 
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Oeie disadv'antage of this method should be mentioned Although citrated 
whole blood will run by giavity through the tubing as slowly as desired, it 
will not run so rapidly as is sometimes needed to leplace blood lost during a 
major operation It is therefore necessary to pump whole blood by means of 
a syringe attached to a three-way stopcock m the rubber tubing of the intra- 
venous set It has been found possible to transfuse large amounts of blood by 
this means without difficulty Even if blood does reflux from the patient into 
the plastic tubing and form a small clot at the end of the tube, it is easy to 
dislodge the small clot with a syringe filled with saline attached to the needle 
of the tubing 

The problem of superficial phlebitis following the insertion of any constant 
intravenous needle oi tubing is an ever-present one In the 90 patients with 
whom this tubing has been used, eight cases of superficial phlebitis have been 
observed, all of which subsided rapidly after the tubing was removed None 
of them have resulted in further complications or m residual swelling of the 
leg In only one case has the superficial phlebitis been found to occur under 
the 24-hour period, and only four cases developed superficial phlebitis under 
the 48 hour period In at least two of these hypertonic solutions such as 
“Amigen” or 10% dextrose m water were administered All of the othei 
instances of phlebitis resulted aftei periods of more than 48 hours and in no 
case was there evidence of infection in the wound itself, or of any reaction to 
the tubing Deep phlebitis did not occur in any of the cases 

The greatest value of the method lies m its dependability during major 
surgical procedures in infants and the relative simplicity with which it can 
be employed even by those not extensively trained m surgical technic If, 
therefore, the tubing were routinely removed before the end of the 24-hour 
period after insertion, and if only relatively isotonic solutions and blood were 
administered, the complication of phlebitis would be practically non-existent 

SUMMARY 

1 A technic for administration of fluids and blood intravenously to small 
infants during surgical procedures has been described 

2 The success of the method depends upon the non-iri Rating qualities of a 
new plastic tubing, polyethylene, in which the whole blood shows delayed 
clotting 

3 The method is dependable and easily employed, even by inexperienced 
persons 

4 It has been found useful in over 90 major neurosurgical procedures and 
IS of benefit in the administration of fluids during the postoperative period 

5 Superficial phlebitis occasionally develops but in only one case did it de- 
velop when the tubing had been in place less than 24 houis, and m only 
four cases under 48 hours 
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Since high ligation was fiist pioposed as a remedy for varicosities of the 
long saphenous system, it has been recognized that this procedure would pro- 
duce a lasting cure only if the valves of the communicating veins were com- 
petent Various clinical methods have been devised for testing this compe- 
tency ® Although selection of patients for high saphenous ligation is made 
only after the performance of one or more of these clinical tests, the incidence 
of postoperative recurrence of varicose veins remains disappointingly large 
The failure of high ligation has been attributed by Sherman^ to incompetence 
of communicating veins not revealed by the usual tourniquet examinations 
He has demonstrated incompetence at operation in cases m which tourniquet 
tests were negative It is apparent that a more accurate method of detecting 
incompetent communicating veins would improve the results of operation for 
varicosities It is the intention of this paper to introduce phlebography for this 
purpose 

METHOD 

Each patient with varicose veins is first subjected to the usual clinical 
examination including Trendelenberg tourniquet tests If the varicose veins 
fill below a high thigh tourniquet within 30 seconds, the incompetent com- 
municating veins are localized between two tourniquets 

Next a phlebogram is performed by the following technic Three tourni- 
quets are placed respectively, just above the malleoli, a few centimeters above 
the femoral condyles, and as high as possible on the thigh All three tourni- 
quets are adjusted to hinder but not completely obstruct the flow of blood 
through the deep veins The patient is placed in the supine position and a 20 
gauge needle introduced into one of the superficial veins on the dorsum of the 
foot 30 cc of 35% diodrast are injected rapidly Antero-posterior and 
lateral roentgenograms are taken of the lower leg The ankle and the low 
thigh tourniquets are released and an AP plate is taken of the thigh 

The roentgen-ray appearance of incompetent communicating veins vanes 
Of the two communicators visible m Fig 1, the lower one (B) may be fol- 

* Published with the permission of Chief Medical Director, Dept of Medicjne and 
Surgery, Veterans Administration, who assumes no responsibility for the opinion ex- 
pressed, or conclusions drawn by the authors 

t Resident in General Surgery, Birmingham VA Hospital, Van Nuys, Calif 
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lowed readily from its posterior tibial vein origin to the saphenous vein, 
whereas the upper communicator is visible only for a short distance beyond 
its origin 

Communicating veins frequently occur in pairs especially on the lateral 
aspect of the leg Actually the paired veins are vena comities of a small artery 
which IS usually dwarfed by the dilated and tortuous veins which accompany it 
It is not necessary to distinguish antero-medial from postero-medial com- 



Fig 1 — Two incompetent communicating veins are readily visible on the medial 
aspect of the leg, the lower one (B) empties into a dilated superficiM varix at a 
site at which ulcer formation is frequent 


mumcatmg veins However, because of the ai rangement of the fascial compart- 
ments on the lateral side of the leg, it is desirable to determine whether a 
particular vein passes behind oi m front of the fibula By correlating the lateral 
with the antero-posterior roentgen-ray exposure it is possible to localize the 
veins fairly accurately 

Incompetence is not often encountered m the veins which connect the 
superficial and deep venous systems in the thigh Furthermore the venous 
connections between the two systems are of the natuie of perforating veins 
rather than true communicating veins In addition to the anatomic patterns 
described by Sherman on the medial aspect of the thigh, there also seem to 
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be peifoiating veins on the lateial aspect which empty into the profunda 
fenioris 

Two sources of eiroi are demonsti ated in Fig 5 Incompetent communi- 
cating veins will often not be detected if there is incomplete filling of the 
deep veins with which they communicate On the other hand superficial 
veins which have been filled from an incompetent communicator above or 
below may overlap the deep system so as to simulate peiforatmg or com- 
municating veins 



Fig 2 — (A) and (B) each denote a pair of dilated lateral communicating 
veins and (C) a medial vein which were confirmed at operation One medial com- 
municator was found by stripping at (D) but did not appear in the phlebogram 
by tourniquet examination 

In order to test the comparative accuracy of the two methods used for 
localizing incompetent veins, a rather radical operative procedure is carried 
out After the conventional high saphenous vein ligation, a Sherman^ type 
of stripping IS performed In addition, longitudinal incisions are made in the 
deep fascia of the lower leg at all sites where the presence of incompetent 
communicating veins has been suggested either by tourniquet test or by 
phlebogram Through these incisions the fascia is undermined in the manner 
described by Linton,® thus allowing visualization of the communicating veins 
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as they pass through the fascia overlying the muscles It has been observed 
that many of these communicators do not connect directly with the mam 
saphenous trunks and would consequently be overlooked even on the medial 
aspect of the leg if only a stripping were performed 

RESULTS 

A careful record has been maintained on each patient for comparison of 
the results of tourniquet test, phlebogram and operative findings respectively 



Fig 3 — Lateral view of lower leg shows two large incompetent per- 
forating veins through which tha short saphenous system is filled It is 
obvious that high ligation of the short saphenous vein would alone be 
of little value in this case 

So far twenty patients have been studied The results are tabulated in Table I 
and Table II 

Neither the tourniquet examination nor phlebogiaphy correlates completely 
with the operative findings However, only 54 % of the incompetent veins 
localized by tourniquet preoperatively were confirmed by surgery whereas 
the results of roentgen-ray localization were confirmed in 86 % Many of 
the false positives by phlebography represent errors in interpretation of the 
roentgen-ray findings These errors have now been largely eliminated with 
more experience 
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TABLE I 

/>7foperaUye 

locah'^atm 0/ incompeknf 

yems 


AieOML ASPfCr lArmi AJPfCr total 



/wowpe/efi^ ymMiLMOzZ/Kf vaits, iocahjei^ ^ touy^ /fuTT 

/Kcomf}e/£?ff commufu'eahn/T yct'ns, /ccyiije^ 1 >y /ouyfii^u^l 
/idi con/irmed bif oT^encUon 

cow/?fumcaPivf PMS. /ocyPijea! by P^Ubofnim 
ConnrmeiP of^era^Ton 

?^compek?ii co?f/mun/c<i^/fif iTins, loca//je4 bf' PAkbo^mm 
A/bt conp/rpig^ b^ operabu??z 

Table I — The numbers of incompetent communicating veins 
indicated respectively by tourniquet examination and by plcbo- 
gram are charted side by side The shaded lower portion of each 
bar represents the number of incompetent communicators con- 
firmed by operation and the light upper portion represents the 
number not found by operative exploration The latter may be 
termed false positives The accuracy of phlebography is obvi- 
ously greater for medial communicating veins as well as over 
ail but the proportion of false positives is about equal on the 
lateral side of the leg for tourniquet and Roentgenogram 

When the postoperative findings are analyzed it seems that tourniquet 
examination, with a localization accuracy of only 29%, compares poorly with 
phlebography, with an accuracy of 69% Actually the operative findings are 
themselves not necessarily completely accurate Probably some communicat- 
ing veins indicated by clinical or roentgen-ray examination were missed at 
operation because of inadequate exploration Fuithermore, the decision as 
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TABLE II 

iocaZ/jation of 

incompetent: commmicaii?^ yeins 




CO^MUKi'ctctiKif yetm /oHfTc/ al ojsvrT^^/on 

?ftcowpe6e^/^ co?nmic?tica6i>rzf ygi^ffs /ou-m^ ai^fru^Mn 
^0 dy ^urnt^uei' 

7/fcam/^^^enC cojnmunfC&UM w/ts opvr^t^ioH 

jCocK^ijea ^ m/edofrofn ' 

9/ecompe^a/e^ cvm^tcw'c-A'hKf yfins /buny 
Hoi /eivcieH 1 >y nUeio^rorTn 


Table II — The number of incompetent communicating veins 
actually found at operation is indicated Again the two method' 
of localization are charted side by side The dark lower area of 
each bar represents the incompetent veins which were localized 
correctly before operation The lighter upper area indicatta the 
number which were missed pre-operatively Here the huge 
difference between tourniquet and phlebogram on the lateral 
leg IS striking 


to competence or incompetence at opeiation is necessarily based on the size 
and tortuosity of the communicating veins Some of those which were 
classified as incompetent may have been large but nevertheless still competent 
In a dissecting room study of the position and size'^ of the lower leg com- 
municating veins, one of us has observed the frequent occurrence in normal 
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legs of lathei laige veins connecting the long saphenous with the deep venous 
system 

DISCUSSION 


Clinical examination by touiniquet test oi similar methods is necessarily 
inaccurate foi localizing incompetent communicating and perforating veins, 
especially below the knee, since the segments of superficial vein which become 
visible between touiniquets are usually not diiectly over the incompetent com- 
municating veins This diflference between the location of the visible varicosi- 
ties and that of the incompetent connections thiough which the former are 



Fig 4 — Phlebogram of thigh which shows at (A) an incompetent vein correspond- 
ing to the mid-Hunter canal perforator of Sherman The tortuous dilated) vein seen 
at (B) seemed to have no connection with the superficial system which would be 
demonstrated at operation 


filled IS especially manifest when the communicating veins are on the lateral 
half of the leg Thus only 16% of the incompetent communicators m this 
location w^ere detected by tourniquet examination 

The false positives of clinical examination were chiefly on the medial 
aspect of the leg where over 50% of the incompetent veins indicated prior 
to operation were not confirmed at surgery The chief source of error here 
was probably the effect of pooling of blood in large saccular varices 
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The use of phlebography m patients with varicose veins has previously 
been limited to demonstrating patency of the deep venous system The 
rationale of the technic here used is as follows The tourniquet above the 
malleoli blocks the superficial venous channels forcing the injected material 
into the deep veins As long as the deep channels are free of obstruction the 
opaque medium does not return to the superficial veins However, the two 



Fig 5 — Six lateral incompetent communicators arc indicated One each at (A) 
and (B), two each at (C) and (D) A medial vein is seen at (F) All were 
proven at operation Additional communicating veins were found at surgery at 
(G) and (K), where the posterior tnbial veins are not well iisuahzed On review- 
ing the plebogram, afteroperation, a faint but definite outline of a communicating 
vein was observed at (G) There seems to be a medial communicator at (E) but 
this is an artefact Actually it is a superficial tributary of the saphenous vein which 
overlies the posterior tnbial veins 


tourniquets on the thigh provide enough obstruction to normal flow to cause 
the diodrast to pass retrogradely through incompetent communicating veins 
back to the superficial system In an extremity with competent valves in the 
communicating veins, the opaque medium forces its way by the tourniquets 
instead of through the competent communicating veins 

Thus the visualization of any communicator or perforator by roentgen-ray 
would depend upon the competency of the valves and be more or less indepen- 
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dent of the size of the vein In this lespect the phlebogiam may be more accu- 
rate than the operative findings On the other hand incompetent communicating 
veins will be visible by roentgen-ray only when there is good filling of the 
deep veins with Avhich they are connected It is difficult to get a good injec- 
tion of all three pairs of deep veins m the lower legs The anterior tibials 
are the most difficult to visualize and at times the posterior tibial veins are 
not completely filled Visualization of the peroneal veins is almost always 
excellent Recently, by simultaneous injection of two superficial veins on 
opposite sides of the foot, we have been able to fill all six deep veins in some 
cases Non-filling is the basis for most of the missed communicating veins 
With improvements in roentgen-ray technic and mteipretation, it is possible . 
that incompetent communicating veins may be localized with sufficient accuracy 
to justify a new type of operative procedure for varicose veins This would 
consist of a high saphenous vein ligation supplemented by local subfascial 
exploration limited to those sites at which incompetent communicating veins 
have been demonstrated by phlebography 

SUMMARY 

The late results of varicose vein tieatment by high saphenous vein ligation 
aie unsatisfactory because of the presence of incompetent communicating 
veins not detected by tourniquet examination A phlebographic technic for 
localizing incompetent communicators is described along with the operative 
findings in 20 patients The phlebograni seems to offer a moie accurate 
method than clinical examination for detecting and localizing incompetent 
communicating veins Phlebography is particulaily useful for mapping lateial 
communicatoi s vhich can not otheiwise be detected 
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The purpose oi ihis rlpori is to present an unusual case and a discus- 
sion of ingested foieign object peifoiations with special lefeience to this 
complication in hernias 


CASE REPORT 

Patient A L, a si-year-old white male of Czechoslovakian birth, entered St Luke’s 
Hospital at 7 15 am on April 5, 1945 For the past five years, following an appendec- 
tomy through a right rectus incision, he had noted a ventral hernia of increasing size 
Seven hours prior to admission, acute cramp-Jike pains were noted in and around the 
hernia with marked tenderness of the hernia He complained of nausea and belching, 
but had not lomited A normal bowel moiement three hours prior to admittance was 
reported to ha\e offered no relief from the pain The past historj, except for appen- 
dectomy and subsequent hernia, w'as negatne 

Examination revealed an obese w'hite male, anxious and obiiously in pain BP— 
125/90, Temp — 1002 (oral). Pulse — 132, Resp — 32 Complete upper and lower arti- 
ficial dentures w'ere present Neck, heart and lungs w’ere normal \ grapefruit-sized 
ventral hernia protruded from the right para-umbihcal region It was tender, hot and 
irreducible Bowel sounds w'ere not present within the hernia, and were heard but 
occasionally in the adjacent abdomen Laboratory RBC — 4,600,000, WBC — 10,650, 
Hgb — 146 Gm , unne-cheniical and microscopic, negative 

A diagnosis of strangulated ventral hernia was made, and immediate operation 
advised 

Operation was carried out under ethylene-nitrous oxide anesthesia supplemented 
with curare intravenously as needed for additional relaxation The old lower right 
rectus skin scar was excised The hernial sac was dissected out and opened It contained 
several loops of ileum, three of which were markedly hyperemic and covered with 
fibrinous exudate Remaining loops were only slightly cyanotic Purulent exudate with 
a foul odor was present in the sac Two loops of ileum deep in the inferior portion of the 
sac were found to be adherent to the peritoneum lining the sac Both fibrous and 
fibrinous cohesion was encountered In the course of freeing one of the loops, a chicken 
bone fragment was discovered protruding through a necrotic patch on the antimesentenc 
margin of the ileum The bone was extracted after enlarging the perforation The 
serosal fat tags were cleaned from the surrounding ileal suiface and purse string closure 
made As none of the involved intestine presented permanent circulatorj embarrassment. 


* The assistance of Miss Angeline McNeil St Luke’s Library, is gratefully 
acknowledged 
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all loops were reduced into the abdominal cavitj’' The excess sac was trimmed away and 
a layer closure of the defect was carried out Single o chromic catgut was used to 
imbricate the peritoneum and posterior rectus sheath, and interrupted #20 cotton sutures 
were used in the anterior rectus fascia Sulfanilamide crystals were dusted between 
the layers 



Fig I — A sketch of the opened sac of the ventral hernia showing 
adherent ileum which has been perforated by chicken bone (lower left) 
Inset represents site and size of hernia 


Table I —Age 


and ScA of Patients Piesenting Foieign Body Peifotahons tn Hernias 


Adults 31 Males I*! 

Children 7 Females 14 


Table II — Types of Henna in Which Foreign Bodies Have Been Found 


Inguinal 24 Umbilical S 

Femoral 4 Incisional 2 

Epigastric 1 


The patient withstood the procedure well A severe test of the closure was encoun- 
tered when the patient underwent a reaction of marked excitement during recovery from 
the anesthetic Supportive intravenous fluids, vitamins B and C, and sodium sulfadiazine 
were given for four days after which the patient resumed oral feedings Oral sulfadiazine 
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was continued for eight days The maximum temperature of loi 2 was reached on the 
third postoperative day A moderate amount of induration appeared late in the lower 
angle of the wound, was followed by serous drainage for a few days, then complete 
healing The patient was discharged, well, after seventeen days of hospitalization 
When last seen six months following operation, his wound was firmly healed and his 
general condition good 

History obtained subsequent to operation included his recollection of inadvertently 
swallowing the chicken bone about two weeks prior to the acute episode 

DISCUSSION 

The ingestion of foreign objects is undoubtedly quite a common occurrence 
Perforations of the gastro-intestmal tract resulting from this are fortunately 
much less common In a group of 800 patients with foreign bodies in the 
gastro-intestmal tract observed at Boston City Hospital, Henderson and 


Tablc hi — Dcscrtptwn of Inqcsicd Foietgn Objects Causing luicstmal Pciforatwiis 

tit Hennas 




Bones total 

21 

One instance each 




Chicken 

9 

Wire 




Hog 

3 

Nail 




Fish 

3 

y_ 'et lalse teeth 




Frog 

I 

Earthen egg cup 




Lamb 

1 

Claw of skylark 




Fruit seeds 

6 

Head of barley 




Needles 

S 

Lead pencil 




Pins 

2 






Table IV 

— Tiealmml and Moilaltiv 



No of Cnses Mortality 


Unoperated 

6 

50% 

Incision and drainage (including enterostomj) 

6 

33 

Hernioenterotomy 

2s 

30% (Based on 17 cases) 

Herniotomy and intestinal resection 

5 

20% 

Herniotomy and appendectomy 

3 

0% 

Total operated 

37 

28% (Based on 28 cases) 


Gaston reported only nine perforations, with two deaths Carp reported 43 
cases of which 31 were followed, 23 were uncomplicated, 6 perforated, and 
2 died Macmanus was able to find in the literature 93 reports of perforations, 
noting that many cases were probably not reported, and that his review was 
probably not complete An analysis of this material interestingly discloses that 
no part of the gastro-intestmal tract escapes perforation and that no definite 
conclusion can be made regarding the segment of gut most prone to per- 
foration However, one does note frequently that the pyloric sphincter, 
duodenal kinks, Meckel’s diverticulum, appendix, and small bowel in a con- 
fining hernia are the sites involved Mechanically, this is not unexpected 
The perforating agents most frequently encountered are pins, wires, bones 
from animal, fowl or fish, and wooden splinters Teeth, and numerous strange 
pointed objects are also reported 
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In adults, false dentines with concomitant alteration of buccal and pharyn- 
geal sensitivit}'-, appal ently predispose to accidental swallowing of the objects 

The reaction which accompanies a peiforation varies, depending upon 
anatomical factois or chronicity Gmsbeig and Beller have presented the 
following classification 

1 Acute peiforation with peiitonitis, 

2 Localized intra-abdommal abscess, 

3 Inti a-abdominal inflammatory tuinoi , 

4 Abdominal Avail inflammatory tmnoi, 

5 Abdominal AA^all abscess, and 

6 Perfoiation Avith inflammation and obstruction in henna 

The symptomatology and phjsical findings aie nsuall)^ consistent with the 
degiee of patholog) 

The histoiy of SAA^allowing a foreign object coupled Avith Roentgen-ray 
confirmation should ofter the best chance for establishing the etiology and 
diagnosis pnoi to operation Tieatment should be suited to the type of com- 
plication encountered m accoi dance with accepted surgical principles 

With our interest directed to 
foreign object perjoraHon complicat- 
ing heima, we have made a careful 
search for case reports and lefei- 
ences to this entity Some of the ma- 
terial was not accessible in original 
ai tides, which accounts for lack of 

l^iG 2 — ir^notopapu oi cnicken bone complete detail m the analysis to fol- 

removed from adherent ileum m ventral ^ 

hernia operation low The earliest case was reported 

by Claudius in 1735 Fabian reviewed 35 cases in 1910, including one in which 
the foreign body was a gallstone and one an intestinal stone Our study is 
based upon the 50 cases thus collected, and includes only perforations b> 
ingested foreign objects 

The incidence with respect to age and sex is shoAvn in Table I The type 
of hernia involved is indicated in Table II Of particular interest is Table III in 
in which are listed the corpora ahem The diligence expended upon proper 
identification of these articles is remarkable 

Variations m treatment with the associated mortalities are shown in 
Table IV As one would expect, the highest death rate occurs m cases unop- 
erated, and m those coming for treatment too late for any intervention except 
incision and drainage Hermoenterotomy, which entails the extraction of the 
foreign body, closure of the gut, and repair of the hernia, shows a somewhat 
bettei rate at 30 per cent In the group requiring intestinal resections, the 
mortality is lowest, le ,20 per cent This number of cases is too few to Aveigh 
properly against the previous group Perforations of the appendix, treated by 
appendectomy and herniotomy, occurred three times wuth no deaths The mor- 
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The nature or gi \nt cell tumor of bone has been frequently discussed 
in the past few decades In lecent 3 'eais it is more generally believed to be a 
type of benign bone tumoi \\'hich ma)'^ have local destructive powers with the 
ability to recur at the piimar}'' site and yet does not give rise to distant me- 
tastases Meyerding'* has suggested the use of the terms “benign giant cell 
tumor” and “malignant giant cell sarcoma” to differentiate the more common 
type from the malignant tumoi 

The possibility of metatases arising from benign cell tumoi, however, has 
been thoroughly reviewed m the literature It has been indicated that pul- 
monary metastases might be expected from this benign tumoi m view of its 
free vascular connections and the frequent treatment by curettage Ewing 
made a careful search for such cases up to 1926 and pointed out that in spile 
of numerous efforts, no proven cases of metastases from benign giant^cf^' 
tumor had been reported Meyerdmg® in his large series of 40 cases treated 
by excision of the tumor and bone graft had no instance in which there had 
been a transplantation of a benign giant cell tumor 

This case report concerns the accidental operative transplantation of a 
benign giant cell tumor of the tibia to a distant soft tissue site over the crest 
of the ilium No similar case was encountered in the literature 

J M , a 56-year-old railroad worker was admitted to Toronto Geneial 
Hospital on April 11th, 1946, with a history of intermittent swelling below the 
left knee for 5 months associated with slight pain and stiffness in the knee 
for 2 months Five weeks before admission about 50 cc of straw colored 
fluid had been aspirated from the knee joint with some relief of symptoms 
but one week previous to admission the patient developed an acute thrombo- 
phlebitis of the left leg On admission the left knee presented a hard diffuse 
slightly tender swelling in the upper end of the tibia and roentgen-ray showed 
an expanding osteolytic lesion of the upper end of the tibia which had broken 
through the cortex at the level of the tibial tubercle, (Fig 1) A biopsy of the 
tumor showed a typical histologic picture of benign giant cell tumor, with vary- 
ing numbers of large irregular giant cells scattered throughout a fibrous tissue 
stroma These giant cells had numerous hyperchromatic nuclei which were 
located usually in the central portion of the cell (Fig 2) 

On May 8 th, 1946, the tumor mass was curetted leaving a large cavity 
m the upper end of the tibia about four inches in length The defect was bridged 
with a sliding bone graft from the tibia and the remainder of the cavity was 
packed with cancellous bone chips obtained from both iliac crests The can- 
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cellous bone graft m as removed ajtei the curetting of the tumor Figure 3 shows 
an immediate postoperative i oentgenogram with the limb m a circular plaster 
The cast was removed and leapphed after two months with no evidence of 
recurrence of the tumor On October 5th, 1946, five months postoperatively 
the patient was readmitted and on removal of the plaster cast a moderate 
sized sv elhng of the upper end of the tibia was noted Roentgenogram showed 



A B 


Fig 1 (A) — A P X-ra 3 S to show the expanding osteolytic lesion of the 
upper end of the tibia — broken through at the level of the tibial tubercle 
(B) — Same as on Fig 1 (A) 

a local recurrence of the tumor involving the whole upper end of the tibia On 
October 16th, 1946, the upper end of the tibia and the tumor were excised and 
a massive tibial graft from the right leg was used to bridge the gap from the 
lower end of the femur to the middle of the left tibia Cancellous bone chips 
Irom the upper end of the right tibia were packed about the graft The micr- 
jcopic sections of this tumor showed a recurrent giant cell tumor of bone 
with numerous variable sized multinucleated giant cells distributed through m- 
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terbranchmg bundles of fusiform fibroblastic cell elements Additional sections 
of adjacent skeletal muscle tissue did not show any evidence of invasion of 
the tumor growth, (Fig 4) The limb was immobilized with external skeletal 
fixation but slight infection developed about the upper two Rodger-Anderson 
pins As a result the Rodger- Andei son apparatus was removed and a plaster 
spica applied (Fig 5) Unfortunately the patient developed a mild infection 
in the wound at the left knee and a window was cut m the cast in the area of 
the sinus 



Fig 2 — Biopsy from tumor of the upper end of the 
tibia showing varying numbers of irregular giant cells 
scattered throughout a fibrous tissue stroma 
circular plaster 

On February 22nd, the plaster spica was lemoved and at this time a firm 
mass about XYz" m diameter was noted beneath the scar over the left iliac 
crest at the site of previous cancellous bone graft (May 8th, 1946) A biopsy 
of this mass was taken and on March 5th, 1947, the tumor was widely excised 
Figure 6 shows the gross specimen, bisected It was situated superficially be- 
neath the skin and was attached to scar tissue overlying the ilium There was 
no attachment to bone This implantation tumor levealed the characteristic 
picture of benign giant cell tumor of bone in the gross The histologic appear- 
ance Avas similar to the sections previously described In addition there Avere 
a few areas of patchy necrosis and haemorrhage (Fig 7) Careful physical 
examination failed to reveal any further masses and roentgenograms of the 
pelvis and chest were negative 
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preparation of the operative site after a biopsy of a malignant tumor Primrose 
m 1922^ briefly recorded a case of an ovarian malignancy m which ascitic 
fluid was aspirated and subsequently injected in the submamar}' region as an 
experimental therapeutic pi ocedure , a malignant tumoi appeal ed in the breast 
and axillary glands 

The demonstration of viable tumor cells on instruments used for biopsv 
of a carcinoma of the breast was made by Saphir Smears were made directh 



Fig 4 — Biopsy from recurrence ot tumor showing 
numerous variable sized multinucleated giant cells dis- 
tributed through bundles of fusiform fibroblastic cell 
elements 

from knife blades and from saline m which such blades had been rinsed 
Brandes White and Sutton^ repeated this work and also demonstrated viable 
malignant tumor cells m basins of water in which the surgeon’s gloves were 
washed The cells appeared to remain viable foi longer periods in saline than 
in distilled water They reported a case in which it seemed evident that con- 
tamination of the gloves was responsible for transplantation of highly malig- 
nant carcinoma of the breast from the mastectomy site to a skin donor area 
on the left thigh 

The implantation of benign tumor cells, however, appears to be uncommon 
Sampson studied the occurrence of endometriomata in extra genital positions 
and this led to his theory of endometrial transplantations Previous to this 
time Iwanoff (1889) and others postulated a serosal origin for peritoneal 
endometriomata MacLeod in his Hunterian lecture stated that invasion of 
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endometnomata has occurred along intertissue spaces and he favoured a 
theory of lymphatic permeation Sampson’s theory, however, still remains the 
most popular 

Burke” has recently repoited a case of recurrent parathyroid adenoma 
occurring in a glandular graft In 1943 a parathyroid adenoma was completely 
excised and at operation a small fragment of the adenoma was transplanted 



Fig 5 — X-ra}' to show limb following treatment to 
recurrence after Rodger Anderson pins removed and 
limb encased m plaster 


between the sternothyroid and sternohyoid muscles in an endeavoui to avoid 
a hypoparathyroid state postoperatively Two years later the patient had a 
recurrence of hyperparathyroid symptoms and a benign parathyroid adenoma 
was removed from the sternoth5’'roid muscle at the site of the graft In this 
case a small glandulai fragment was intentionally implanted, whereas m the 
above case report it is indicated that the benign tumor cells wtre transferred 
by the instruments or gloves of the operator 
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i'lG 6 — Gross specimen from left iliac crest showing implantation tumor It has 
been bisected to show the two halves of the implant occupying the loner half of 
the picture ' 



no / — Microscopic appearance of the giant cell 
tumor implant fhich shows the same features as noted 
m the primary and the local recurrence 
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SUMMARY 

This case is repoited to illustrate the operative transplantation of benign 
giant cell tumor of bone to a distant soft tissue site 

The primary tumor oiigmating in the upper end of the tibia and the local 
recurrence 9 months later showed a typical benign histological picture 

The ti ansplantation occuried in the soft tissue in the left iliac region at 
the site of previous opeiative inteifeience and it revealed an identical histo- 
logical picture 

The authors wish to express their thanks to Dr R I Harris and Prof Wm Boyd 
for advice and critcism m the preparation of this paper 
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PRIMARY CARCINOMA OF THE LIVER 
REPORT OF A CASE TREATED BY LOBECTOMY" 

Bromley S Freeman, M D 
Temple, Texas 
AND 

Randall B Moreland, M D 
Santa Baebara, Cal 

The low incidence of pnmaiy mahgnant tumors of the liver, the pre- 
sumed difficulty of earl}' diagnosis, as well as the hopeless prognosis usually 
accorded them, result in a paucity of patients receiving surgical therapy ^ 
Although a considerable number of surgical extiipations of tumor of the 
liver have been reported and summarized (Warvi)“, the resection of primary 
carcinoma of the liver remains a relatively rare procedui e, and lobectomy is 
even more uncommon ® At the Tumoi Clinic, V A Hospital, Hines, Illinois, 
from 1934 to 1946, 36 cases of primary liver cell tumoi s were authenticated 
either at operation or post mortem examination Of these only one was 
1 esected 

case report 

J D K , a 49 year old white cook of Greek origin, entered the V A Hospital, Hines, 
Illinois, July 7, 1942, complaining of a mass in the upper abdomen Save for a brother 
who had echinococcus disease of the liver, the family history was not significant The 
patient had travelled considerably but had arrived m the United States at the age of 17 
and remained within its continental borders In Army service (1917-1919) diagnosis of 
minimal pulmonary tuberculosis and chronic pleurisy were established, but the patient 
had had no symptoms referable to the chest for the past twenty years The use of 
alcohol was limited during the past 34 years to a few glasses of drv unrosincd wine daily 

Approximately one year before his admission, the patient complained of gaseous dis- 
tention after meals which was reliefed by alkaline powders and restriction of fats ir his 
diet In January 1942 he noted a small pea-sized nodule high in the epigastrium, which 
remained in the midline when the patient was recumbent and shifted to the left when 
erect Just prior to his admission, he had two severe attacks of epigastric pain These 
occurred about two hours after meals and lasted IS to 20 minutes, when they were 
relieved by the use of alkaline powders and a heat pad The patient stated that his weight 
had remained stationary for the past 10 years There was no history of nausea, vomiting 
or melena, and a systematic review of symptoms revealed no abnormalities The constant 
slow growth of the nontender lump in the abdomen had caused him to seek hospitalization, 
but he stoutly maintained that he did not feel sick 

Examination showed a slight, poorly nourished, white male of 65 inches, weighing 
107 pounds The abdomen was slightly scaphoid, soft, and nontender No scars or un- 
usual surface veins were evident In the left upper quadrant there was a nontender, 
ballotable, round mass approximately 7 cm m diameter, which moved readily with 
respiration and showed no connection with the abdominal wall Neither the liver edge nor 
the spleen could be felt 

Roentgen-ray study of the chest revealed an old, healed, calcified focus in the right 
subapical region, as well as pleural calcification at the right base A gastro-intestinal 

Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or conclusions drawn by the authors 
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study disclosed no evidence of esophageal varices, but did show an extrinsic pressure 
defect of the greater curvature of the stomach with a secondary pressure defect of the 
greater curvature of the pylorus There were no intrinsic gastric defects, but the duo- 
dena! cap showed slight irregularity of the left anterior border Barium study of the 
colon revealed no abnormalities Electrocardiogram showed a slurred QRS3, a low T, 
and a decreased STi, ST^ Fractional analysis of gastric contents showed a free acid 
varying from 0 to 8 and total acid from 16 to 26, with a trace of occult blood No 
parasites were found in three examinations of the stool, with only a faint trace of blood 



Fig 1 — Photograph of the patient just 
prior to discharge Preoperatively a mass 
was palpable m the left upper quadrant 
of the abdomen but could not be shown 
by a photograph 

The liver substance was suture-ligated 


in one specimen Urinalyses were negative 
Red blood cells averaged 4,300,000 per cu 
mm with 85% hemoglobin and leukocytes 
varied between 12,000 and 10,000 per cu 
mm with a differential count averaging 50 
polymorphonuclear cells, 48 lymphocytes, 
and 2 eosinophiles Wasserman and Kahn 
tests were negative Blood chlorides were 
544 mg per 100 cu cm Urea nitrogen 15 4 
mg per 100 cu cm and sugar 769 mg per 
100 cu cm Icterus index varied from 9 to 
12 Prothrombin time (Quick) was 100% 
Tubercle baccili were not found in any of 
the five sputum specimens 

A preoperative diagnosis of a hepa- 
toma, left lobe of liver, or pancreatic cyst, 
was made and, on August 20, 1942, under 
gas-oxygen-ether anesthesia, operation was 
performed through a left upper paramedian 
incision Careful examination was made of 
the entire peritoneal cavity and, with the 
exception of the liver, findings were normal 
The liver showed a fine nodularity and was 
somewhat firmer than normal A round, 
3 ellow-green, soft, partially cystic tumor, 
6 cm in diameter, was noted in the left lobe 
of the liver The tumor was elevated ap- 
proximately 1 5 cm above the plane of 
the anterior surface Upon aspiration, a 
small amount of necrotic debris was ob- 
tained Immediate microscopic study by 
the pathologist showed cells indicative of 
hepatoma No other lesions were found 
and the decision was made to resect the 
left lobe of the liver 

with enveloping sutures along the umbilical 


incisure and the falciform ligament ivith No 0 chromic catgut on a long needle Due 
to the cirrhosis of the liver, it was firmer than normal and retained the sutures well 
The phrenic ligament was sectioned and the left lobe oi the liver severed with the scalpel 


just to the left of the sutures The raw surfaces were partly approximated with inter- 
rupted mattress sutures A free omental graft was then obtained and fastened over the 


resected end of the liver with No 00 catgut sutures No bleeding was noted and the 
abdominal wall was sutured in layers 500 c c of whole blood and 1,000 c c of 5% 
glucose ivere given intravenously during the operation The patient’s condition was 
excellent throughout the entire procedure 
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Pathologic report by Dr William McNamara was as follows “Specimen is 
the left lobe of the liver, which measures approximately 15x8x6 cm , containing 
an encapsulated tumor mass in the central portion which measures 5 cm m diameter 
The mass on cross section is lobulated and has a grayish-greenish color, it shows 
some evidence of degeneration The liver proper is hobnail m type Microsection 
of tumor discloses cords of cells which resemble the liver cords quite closely The 
nuclei, however, are quite hyperchromatic and show some variations m size The 
cytoplasm for the most part is granular to fairly clear There is some variation m 
size of the cells and an occasional mitotic figure is noted Afany of the columns of 
cells are surrounded by a blood space There is very little or practically no fibrous 
stoma The lesion is quite typically of a liver cell origin and imitates the liver 
quite closely Aficrosection of the liver also discloses an early portal cirrhosis 



Fig 2 — -Section through the anterior surface of the left lobe of the 
liver and diiectly through the tumor Note the nodularity of the surface 
of the liver 


with some increase in connective tissue and quite an extensive round cell infiltration 
throughout the portal areas There is some reduplication of the bile ducts The liver 
cells proper are divided into lobules by the connective tissue and show some evidence 
of hyperplasia All the cells arc mildly granular 
DIAGNOSES Solitary hepatoma, liver 
Cirrhosis, portal, early” 

Convalescence was slow but uneventful Blood chemistry postoperatively showed a 
normal urea nitrogen of 14 mg per 100 cc , cholesterol of 200 mg per 100 cu cm , 
albumin 3 9 Gm , and globulin 2 4 Gm , with a total protein of 6 3 Gm per 100 cu cm 
Takata-Ara test showed a strong positive reaction The patient was discharged on Sep- 
tember 28th, symptom-free 

Follow up m April 1943 revealed that, while the patient had gained ten pounds in 
weight, he tired easily and had occasional pains in the left upper abdomen Examination 
revealed a postoperative hernia in the abdominal scar, which was well controlled by 
means of an elastic support No abdominal masses were palpable In October of the 
same year, the patient reported a dull left upper quadrant ache He was seen again in 
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April 1944, but his condition remained unchanged Between the time of this follow up 
and his final admission, July 6th, the patient developed edema of both lower extremities, 
an increase in girth of the abdomen, a dragging sensation in the lower abdomen, infre- 
quent but fairly sharp left upper abdominal pain, progressive enlargement of the hernial 
protrusion, as well as weight loss, weakness and yellowing of the skin 

Examination revealed a chronically ill, frankly icteric, weak, poorly nourished male, 
m no acute distress His height was 5 feet 5 inches, his weight 115 pounds Blood 
pressure was 95/60 The pertinent physical findings were limited to the abdomen The 
large upper left pararectus incision was well healed, but there was a diastasis of the 
underlying rectus musculature A large, firm, freely movable, midepigastnc and right 
upper quadrant mass was palpable, presumably liver, which could be freely ballotted 
within the abdominal cavity There was also present a moderate amount of ascites The 
patient’s icterus index varied from 30 to 60, his cephalin flocculation test was reported 
as plus 3, his van den Bergh revealed a delayed direct reaction, urine was reported as 
dark amber, with a specific gravity of 1,024, showing no formed or cellular elements 
The serum protein was reported as 6 3 mg per 100 cu cm , albumin, 3 4 Gram per 100 
cu cm , and globulin, 2 9 Gm per 100 cu cm Blood cholesterol was reported as 225 
with 60% esters Bromsulfalem test showed 80% retention for one half hour and 70% 
for one hour Stools showed stercobilin and no evidence of occult blood Despite 
supportive therapy, the patient developed progressive abdominal distention and ascites and 
retrogressed steadily He died July 29, 1944, 23 months after lobectomy 

At autopsy no evidence of extrahepatic metastases was found Both lungs were water- 
logged, spleen showed congestion, kidneys were edematous and the adrenals showed 
some cortical atrophy Dr McNamara’s findings in the abdomen and liver follow 

“In the anterior abdominal wall there was practically no subcutaneous fat 

with a separation of the muscles and fascia m the upper abdomen and herniation 
under the skin About 2500 c c of green fluid was found in the peritoneal sac 
Left side of the liver was covered by dense adhesions where the left lobe of the 
liver was resected and the stomach was adherent to the area No lymph gland 
enlargement was found The liver weighed 1700 Gm , was green and nodular, and 
showed hobnail cirrhosis In the liver substance there were four large nodules, softer 
than the remainder of the liver, circumscribed by connective tissue, gray-brown with a 
greenish cast The largest measured 6 cm m diameter These were hepatomas 
similar m appearance to the large hepatoma of the left lobe of the liver which was 
resected surgically The left end of the liver from which the left lobe was removed 
was covered with scar and there was no evidence of recurrence at this site The 
esophagus and stomach showed many large dilated veins in the walls but no evidence 
of rupture ” 

The histopathology of the tumor was unchanged from the previous report 

Although there was no gross evidence of metastasis m the right lobe at the time 
of operation, it is our belief that microscopic deposits were present This has been 
exemplified m two recent personal cases with lesions apparently located in the left lobe 
Biopsies of apparently grossly normal tissue showed microscopic evidences of carcinoma- 
tous infiltration It is, nevertheless, possible that m this case the later growths were 
separate tumors of multicentric origin in a cirrhotic liver 

DISCUSSION 

Biopsy IS imperative m the diagnosis of liver tumors, and this is best per- 
formed during the course of exploratory laparotomy In concurrence with 
tbe opinion of the majority of obseivers, we have noted but a very few 
temporary arrests following the present day methods of irradiation of liver 
tumors, and have been impressed by the many severe and harmful reactions ^ 
Although peritoneoscopy with biopsy has been advocated, it is our opinion 
that an exploratory laparotomy adds but slightly more trauma to the properly 
prepared patient, and aids greatly in the decision of resectability Ever}’’ case 
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Fig 3 



Fig 4 


Fig 3 — Low power photomicrograph (lOOx) of tumor showing expan- 
sive growth in all directions, central necrosis and fibrous stroma Note 
nuclear variability 

Fig 4 — High power photomicrograph (4S0k) of field of Fig 3, show- 
ing irregular nuclear outlines, hyperchromatism, and mitotic figures Note 
resemblance to liver cells and relation to blood vessels 
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of suspected primary tumoi of the hvei should be explored, and surgical 
lesection should be attempted in all localized liver tumors without evidence 
of involvement of adjacent organs or too much of the liver itself When the 
left lobe is involved, the procedui e of choice is lobectomy, to allow a maximal 
excision of tumoi, peimit sutuiing through normal tissue, take advantage of 
the possible physiologic line of cleavage and utilize the falcifoim ligament as 
a hemostatic covering for the raw surface of the right lobe, as brought out by 
Pickrell and Clay® 

It has been shown that the liver is a symmetiical organ with independent 
vascular supply to each lobe, with abundant anastomoses insuring adequate 
circulation if a section is cut oft from its normal blood supply,® and with 
rapid regeneration after removal of its substance ® 

The control of hemorrhage has been the greatest consideration in surgical 
resection of liver tumors, and sevei al methods of hemostasis have been devised 
The majoiity of patients with hepatoma have a prior cirrhosis which aids 
the retention of sutures With care, and with the use of rather thick sutures 
and smooth, non-cutting needles, the normal liver tissue can be successfully 
resected and sutuied, as we have found when dealing with other tumors, for 
example, carcinoma of the stomach, with direct extension into a limited area 
of liver The advent of new hemostatics®’ 12 ^ ^g foam, absorb- 
able cellulose, synthetic adhesives®’ ^®’ and new suture materials, such 
as flat tantalum bands, should lead to moie frequent extensive operations 
for neoplasms of the liver 

SUMMARY 

A case of primary carcinoma of the left lobe of the liver was subjected 
to lobectomy successfully At autopsy, 23 months later, only intrahepatic 
tumors were found 
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PSEUDOEMBOLIC PHLEBITIS WITH LIGATION OF THE 

INFERIOR VENA CAVA 

A Case Report 
W W Oaks, M D 

AND 

H R Hawthorne, M D 

Philadelphia 

The case here reported represents an uncommon type of thrombophle- 
bitis which although well recognized and described by the French, has received 
little attention in the American literatuie It is of interest because of the mode 
of onset, the complete obstruction of the inferior vena cava pioximal to the 
point of surgical appioach and the end result following inferior caval ligation 
Case Report OK, male, age 56, admitted to The Graduate Hospital 7/15/46, 
having been transferred from another hospital where he had been under treatment since 
7/11/46 His chief complaint on admission was painful, swollen legs His family history 
was negative His past medical history revealed pneumonia, complicated by myocardial 
infarction in March, 1946, and an acute right subdeltoid bursitis m June, 1946 He had 
made a satisfactory recovery from both conditions 

His present illness began on July 7, 1946, when he first noticed vague aches and 
pains m the region of his right groin These pains continued and became slightly more 
marked during the following two days On the second day after onset (July 9) the 
patient was seized with excruciating pain in the right leg, and a dark congested color 
developed He became so weak that he fell to the floor At this time, according to the 
referring physician, the limb was very ecchymotic, swollen, cold and no pulsations could 
be felt in the femoral or dorsalis pedis arteries His leg was very tender in the region 
of the ham string muscles and the muscles were spastic The reflexes were decreased 
and the pain was so severe that opiates were required At this time, his temperature was 
elevated to 99 4° During the next two days, the severe pain in the right leg continued 
and the swelling increased very rapidly On July 11 (the day of admission to the other 
hospital), the patient had a similar, but less severe attack of pain in the left groin and 
the left leg began to be involved in a similar process During this time his temperature 
averaged about 101° 

A summary of the patient’s clinical course during his stay in the other hospital 
revealed the following Physical examination on July 12, was negative except for the 
following findings “The abdomen is moderately distended There is a little resistance in 
both lower quadrants The entire right thigh is swollen from Poupart’s ligament to the 
knee There is some tenderness in the left groin, where one feels several enlarged lymph 
nodes There is distinct tenderness in the right groin The swelling described above is 
general and fails to localize There is no evidence of venous engorgement and the 
circulation is apparently intact as the blood vessels can be satisfactorily palpated ” 
Laboratory findings were as follows 

7/12/46 Urme — Alkaline, clear, specific gravity 1 024, albumin 3 plus, sugar nega- 
tive Microscopy reveals a moderate number of hyaline casts and an occa- 
sional coarsely granular cast, occasional leukocytes and a few squamous 
epithelial cells 

Blood count — ^Hgb 86%, RBC 4,110,000, WBC 22,500, segmented 77%, 
immature 6%, lymphocytes 9%, monocytes 8% 

Blood sugar — 40 mg per 100 cc of blood 

Prothrombin time — Last night, July 11, 35 seconds This AM 1 minute, 
5 seconds 
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7/13/47 Platelet count — RBC 4,470,000, platelets 150,000 WBC and Diflrerentiai 
W B C 23,050, segmented 81 %, Prothrombin time 3 minutes 
7/12/46 Electrocardiographxc report — Left axial deviation QRS2 slurred 
Conclusions — Alyocardial damage Left hypertrophy 
Dicumarol therapy was instituted on the evening of July lltli The following schedule 
of dicumarol therapy had been given before admission to the Graduate Hospital 


7/11/46 

Dicumarol 200 mg 

12 

il 

400 “ 

13 

4< 

400 “ 

14 

<4 

200 ‘ 

15 

44 

200 “ 


In spite of a rapid and extreme dicumarol response, measured by a prothrombin time 
of one minute, fiv'e seconds on July 12th, and three minutes on Julj 13th, the patient’s 
condition, as evidenced by increasing edema, rapidlj deteriorated 

Physical examination after admission to the Graduate Hospital on Julv 15, 1946, 
was negative except for findings in the abdomen and lower extremities At this time 
there was marked edema of both lower extremities and of the abdominal wall up to the 
lev'el of the umbilicus Acute swelling was also noted m tbe region of the left knee joint 
The skin over this area was reddened and the local temperature increased Marked 
tenderness was present throughout both lower extremities, particularly m the region of 
the inguinal ligaments Severe pain was produced by the slightest attempts at passive 
motion of the lower extremities 

On July 16th, the following note was made by Dr Lisker, of the department of 
peripheral-vascular disease “The history suggests an occlusion of the pelvic veins, prob- 
ably at the level of the common iliacs or the inferior vena cava The occurrence of 
bilateral effusions m both knee joints suggests an infection as the cause of the phlebo- 
thrombosis I recommend ligation of the inferior vena cava with aspiration of any clots 
found above or below this level The prothrombin time, while delayed beyond anything 
I have ever seen, cannot be considered a contraindication to immediate surgical inter- 
ference, since this is an emergency The condition of the blood (prothrombin time) can 
be corrected with whole blood or plasma preoperativ ely There is no evidence of 
interference with the arterial circulation ” 

Laboratory work at this time revealed the urine to be entirely normal RBC 
3,790,000, Hgb 63%, Leucocytes 13,000 Neutrophiles 85%, Eosmophiles 3%, Mono- 
cytes 2%, Lymphocytes 10% Prothrombin time 9 minutes Clotting time 5 minutes 15 
seconds Wasserman negative BUN 19 mg Total protein 6 48 Albumin 3 98, 
Globulin 2 50 

Roentgenogram of the chest 7/16/46 

The examination of the chest shows the bony thorax and diaphragms to be negative 
The heart shows moderate left ventricular enlargement and aneurysmal dihtation of 
the ascending aorta The arch and descending aorta show only slight widening A slight 
haziness is noted over the right dome of the diaphragm which might be due to either 
a resolving pneumonitis or a shallow respiratory phase 

Operation — The patient was typed, cross matched, and a transfusion was started 
immediately The patient was then taken to the operating room and under spinal anes- 
thesia (procaine) a transverse incision was made 2 cm above the right anterior superior 
spine of the ilium The peritoneum was carefully displaced forward with due regard to 
the right ureter and spermatic vessels and the inferior vena cava was exposed The 
plexus of the lumbar veins lying in the groove between the iho-psoas muscle and the 
inferior vena cava was tremendously dilated This caused considerable difficulty in 
exposing the vena cava and was the source of some troublesome bleeding The inferior 
vena cava was carefully separated from the aorta and surrounding structures for a dis- 
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tance of cm Two No 8 silk untied ligatures were placed about the inferior vena 
cava about 2 cm apart The inferior vena cava was then opened between the two liga- 
tures and free bleeding occurred from the distal end, but no bleeding occurred from the 
provimal end The ligature distal to the opening m the inferior vena cava was then tied 
securely Suction was applied within the lumen of the vena cava proximal to the point 
of opening and a large mass of blood clot was removed from a point at least seven or 
eight cm above the opening in the inferior vena cava The clot removed consisted of a 
large white organizing thrombus roughly 2 cm in diameter, with red thrombi on its 
surface The site of obstruction was very dose to the point of entrance of the renal veins 
Following this, free bleeding occurred from the proximal end of the vena cava and the 
proximal ligature was immediately tied During this procedure the vena cava had been 
almost completely divided Both ends were then secured by transfixion ligatures of 
No 8 silk The wound was closed leaving a Penrose drain in the retropermeal space 
500 cc of blood and 900 cc of plasma were given during the operative procedure The 
patient was returned to his bed in good condition 

Postoperative course — The patient returned from the operating room m good con- 
dition The foot of the bed was elevated and Ace bandages were applied to both legs 
from toes to groins No change in the amount of edema was noted for five days after 
operation 

The blood urea nitrogen which was 19 mg on the day of operation had risen to 
34 mg on the following day, but returned to 18 mg within two days 

The prothrombin time fell from nine minutes on the day of operation to one minute 
on the following day, but remained at this level, m spite of transfusion and plasma 
administration, until the sixth postoperative day, when it was 22 seconds It became 
normal — 13 seconds — on the eleventh postoperative day and the coagulation time was 
two minutes and fifteen seconds 

During the evening of the fifth postoperative day, there was free bleeding from the 
operative wound This was controlled by packing the wound, large doses of Vitamin K 
intravenously and transfusions of whole blood 

Immediately after operation (2 days) paralysis of the left radial nerve was noted 
This was thought to be the result of the patient’s position on the operating table This 
cleared during the hospital stay 

By the thirteenth postoperative day the edema of the legs had almost disappeared 
The patient was allowed out of bed 

He was discharged twenty-three days after operation with supporting bandages on 
both legs Only moderate ankle edema was present at this time 

COMMENT 

Pseudoembolic phlebitis or the “Blue Phlebitis of Giegoire” is an un- 
common type of venous occlusion characterized at the onset by a degree of 
reflex arterial spasm so great as to suggest embolism of a major artery The 
onset is dramatically sudden with severe pain and collapse The limb becomes 
cyanosed and chilled and there is absence of arterial pulsations This is followed 
by the rapid onset of edema 

It IS woithy of note that of the four cardinal sjnnptoms and ph3^sical 
signs, namely pain, cyanosis, chilling and edema, only one, edema is of venous 
origin The remaining three are due to an extreme degree of concomitant 
arterial spasm The blue discoloration, previously attributed to venous ob- 
struction IS correctly described by Gregoire as being due to asphyxiation 
incident to an inadequate suppl}'- of arterial blood Numerous cases have been 
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reported ih which this arterial spasm was so seveie and prolonged as to lead 
to gangrene of the extremity without actual occlusion of the aitery 

An undei standing of the mechanism involved in this type of phlebitic 
disease emphasizes the lole of sympathetic block in its treatment The prog- 
nosis at best IS extremely grave Eaily recognition with appropriate use of 
sympathetic block may well be the means of saving the limb or even the life 
of the patient The arteiial phase, as in the case heie repoited may be rela- 
tively shoit and be follow^ed by the changes moie universally recognized as 
due to piimaiy disease of the venous system 

This case did not come undei our observation until after the period of 
intense arterial spasm It had how'ever piogressed rapidly to the point of 
inferior caval occlusion in spite of moie than adequate anticoagulant therapy 
Although no embolic phenomena had as }et occinied, it w'as decided after 
consultation wuth the depaitment of peiipheial vascular diseases that imme- 
diate surger}'’ was indicated The patient seemed to us to be in great danger 
of one of twm fatal complications A massive pulmonai}’- embolus might occur 
at any moment, or the thiombotic piocess might reach and occlude both renal 
veins 

It IS mteiesting to note that this patient had leceived adequate anticoagu- 
lant therapy in anothei hospital dm mg the four days pi evious to his admission 
to the Graduate Hospital On the moi ning of operation his prothrombutinton 
was nine minutes, and the coagulation time, five minutes and fifteen seconds 
In spite of this, the thrombotic process had progiessed lapidly to a ciitical 
point Attempts to contiol this by blood and plasma tiansfusions, did not bring 
a satisfactory lesponse until six days aftei opeiation Although there was a 
marked prolongation of prothiombm time to nine minutes, hemorrhage was 
not a serious problem at operation A moderate amount of bleeding from the 
wound, which occuired on the fifth postoperative day, w'^as satisfactorily con- 
trolled by packing m the wound and tiansfusion 

We should also like to lefei fuithei to the technical difficulties involved 
in this particular case The plexus of lumbai veins, lying between the mesial 
border of the iliopsoas muscle and the inferior vena cava, w^as tremendously 
dilated because the point of complete obstruction w^as seven or eight centi- 
meters proximal to the aiea of suigical appioach Isolation of the inferior 
vena cava in this circumstance w^as a difficult and tedious dissection that re- 
quired some enlargement of the original incision 

When the vena cava was opened a moderate amount of bleeding occurred 
from the distal end, indicating that both common iliac veins were not com- 
pletely obstructed No bleeding occurred from the vena cava proximal to the 
point of surgical approach The large thiombus previously described, was 
removed from the inferior vena cava by suction at least seven centimeters 
above this point following which profuse bleeding occurred The proximity 
of the process to the renal veins is at least suggested by the rise in blood urea 
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nitrogen to 34 mg on the day following operation Fortunately, this returned 
to 18 mg in two days 

The clinical course following operation is also of interest The ligation was 
performed on July 16, 1946, and the patient was able to leave the hospital on 
August 8, 1946, with a moderate amount of edema of the lower extiemities 
Examination in November, 1946, in the peiipheral vascular department, re- 
vealed model ate edema below the knees in both legs The patient was able to 
be about noimally wnth the aid of supportive bandages to both limbs By 
January, 1947, he had only slight ankle edema, little evidence of dilation of 
the superficial veins and w’’as able to resume his usual occupation as a lailroad 
engineer 
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CHOLEDOCHO-DUODENO-JEJUNAL INTUBATION 
FOR FEEDING FOLLOWING GHOLEDOCHOSTOMY 

Hubert B Holsinger, M D 
Farmaville, Va 

Very often following cholecystectomy and much more often following 
choledochostomy patients are bothered for days by A'omiting Moreover these 
patients are generally obese, making venoclysis difficult The following method 
of feeding is presented in order to simplify the postoperative care of these 
patients 

A Number 6 French ureteral catheter vith a fairly supple stylet in 
place IS passed through a number of 16 French, or larger, T-tube, leaving 
only a centimeter of the catheter visible above the end of the long limb of the 
T-tube With the common duct open, the distal end of the catheter is then 
threaded through the common duct, through the ampulla of Vater into the 
duodenum After the direction of the catheter is down and the catheter has 
passed to the junction of the second and third portion of the duodenum, the 
stylet IS withdrawn so that the bowel will not be punctured The catheter is 
then passed aiound into the jejunum The medial limb of the T-tube passes 
on into the common duct with the catheter, and if desired the end of the 
T-tube will easily follow the cathetei through the ampulla of Vater into the 
duodenum The lateral limb of the T-Tube is then put in place and the 
common duct sutured The remainder of the operation is carried out as usual 

After the wound is closed and diessed, a needle hole is made about four 
centimeters from the end of the protruding limb of the T-tube, and, by stretch- 
ing’ this part of the T-tube over the end of the catheter, the open end of the 
catheter may be brought out through this hole and the hole closed with rubber 
cement and a glove patch This aids in keeping bile from draining onto the 
dressings Here care must be used not to dislodge the portion of the T-tube 
m the common duct A 19-gauge needle is then passed into the open end of the 
catheter, anchored with adhesive, and a regular clysis outfit attached to the 
needle Fluids may then be given as needed, preferably continuously, by regu- 
lating the number of drops per minute so that the desired fluid will go in over 
a 24-hour period Minerals, vitamins, proteins, and soluble drugs may be given 
through the catheter Amigen has been used for the protein in this group of 
cases because it would not clog the catheter and because it was available 
Giving 2,000 cc of amigen daily ovei a three of four day period will sometimes 
cause a diarrhea which can be controlled with paregoiic After a day’s rest, 
the amigen may be started again if needed The bile collected by way of the 
tube may be strained through fine gauze, diluted with saline, and given back 
through the ureteral catheter 

Case 1 Mrs M was admitted with obstructive jaundice The common duct was 
explored and a T-tube put in place The follow up choledochogram showed a persistent 
filling defect in the common duct, necessitating further exploration A ureteral catheter 
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was passed down the sinus tract into the common duct to facilitate identification of the 
common duct Tiie catheter passed easily through the ampulla of Vater into the duo- 
denum and on to the jejunum as verified by roentgen-ray With the catheter in place 
the common duct was easily identified and opened As a stone could not be found, the 
duodenum was opened and by means of the catheter the ampulla of Vater was easily 
identified and incised Upon completion of the exploration a T-tube was sutured into 
the common duct beside the ureteral catherter and the end of the catheter and T-tube 
brought out through a stab wound in the flank Following the original operation the 
patient had vomited almost continuously and the fact that she had very bad veins 

made it difficult to feed her properly, so the 
catheter was left m as an aid in feeding her 
She also had Wangersteen’s suction in place 
to protect the wound m the duodenum She 
was successfully fed through the catheter 
for 15 days following the second operation, 
after which time the catheter and T-tube 
were removed and she was able to take and 
retain nourishment by mouth On the second 
postoperative day she developed a pneumo- 
nia which was treated successfully by giving 
sodium sulfadiazine through the ureteral 
catherter Acidosis was combated by giving 
one-sixth molar Sodium R-Lactate solufion 
through the catheter She received 2,000 cc 
amigen daily through the catheter and on 
the fourth postoperative day developed a 
diarrhea which was controlled with parego- 
ric given through the tube Amigen was 
started the following day and she was not 
again troubled with diarrhea 

Case 2 Mis P On the sixth post-par- 
tum day it became necessary to do a cho- 
ledochostomy for removal of a common 
duct store because of progressive obstructive 
jaundice Following removal of the common 
duct stone, a number 5 French ureteral 
catheter was passed through the T-tube 
and inserted through the common duct as 
previously described Besides 10% glucose, minerals, and vitamins, she received 2,000 cc 
of amigen daily through the ureteral catheter Diarrhea developed on the third post- 
operative day , this was controlled with paregoric given through the catheter Following 
this only enough amigen was given to keep the plasma proteins within normal limits 
The patient started taking food by mouth on the fifth postoperative day and on the 
tenth postoperative day the T-tube and catheter were removed On the sixteenth post- 
operative day she was discharged from the hospital with a completely healed sinus tract 
Case 3 Mrs G, a 77-year-old white woman, at operation was found to have a 
small hobnail hver The cirrhosis was thought to have been caused by a large non- 
obstructive common duct stone After the removal of a portion of the jejunum and the 
completion of an aseptic end-to-end anastomosis, the stone was removed from the 
common duct A T-tube with the ureteral catheter was put in place as described above 
and the common duct closed On the third postoperative day she developed an oliguria 
^ith some edema of the dependent tissues Her plasma protein was found to be 5 04 Gm 
The low protein was thought to be due to faulty liver metabolism She was given 600 cc 
0^ blood plasma daily for four days, bringing her plasma protein up to 68 Gm On 
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the fifth postoperative day her output of urine was normal At the time the blood 
plasma was started, 10% glucose was given through the ureteral catheter, as it was 
thought that there would be some absorption of fluids through the jejunum proximal 
to the site of anastomosis For two days the fluid aspirated through the Wangensteen 
suction was equal to that given through the ureteral catheter The stoma then began 



Fig 2 — Choleodochogram of Case 2 Syringe is end of T-Tube and 
needle is in end of catheter 


to function and the Wangensteen suction was discontinued On the fifth day of intra- 
venous plasma protein she developed a rather severe anaphylactic reaction Her plasma pro- 
tein level was thereafter maintained by amigen given through the ureteral catheter, as she 
still had a tendency to vomit any food and most oral medication She did, however, 
retain most of the choline and methionine given by mouth No attempt was made to give 
this through the catheter Her plasma protein on the fourteenth postoperative day was 

1254 




Volume 127 
Number C 


FEEDING FOLLOWING CHOLEDOCHOSTOMY 


67 and she was retaining some food given by mouth It was interesting that when there 
was increased jejunal mtralumenal pressure, the flow of fluid through the catheter 
became slower and at times stopped with escape of gas through the catheter as demon- 
strated by the flow of bubbles up through the infusion bottle The T-tube and catheter 
were removed on the fourteenth postoperative day, and on the following day the patient 
got out of bed 

Case 4 Mis W was admitted with progressive obstructive jaundice with a sub- 
acute cholecystitis Following choledochostomy the T-tube with a number 6 French 
ureteral type of catheter was put in place Fuids were started immediately through the 
catheter on the return of the patient to her bed Because of a low blood pressure imme- 
diately following operation 1000 cc of fluid was given intravenously, and other than 
this no other intravenous fluids were given postoperatively On the third postoperative 
day the bile flowing through the T-tube had assumed a normal color and it was collected, 
strained, and given back to her through the ureteral catheter She was gotten out of 
bed on the fourth postoperative day and on the fifth postoperative day was taking fluids 
and food by mouth On the sixth postoperative day fluids, proteins, minerals, vitamins, 
and bile through the ureteral catheter were discontinued Her convalescence was 
uneventful 

Case 5 Miss L had a cholecystectomy for stones and exploration of the common 
duct showed it to contain much sand-like material A ureteral type catheter was used 
to irrigate the larger hepatic ducts and common duct until it was thought all these 
particles had been removed Following this a T-tube with a number 6 French ureteral 
catheter was put in place and the common duct sutured over the T-tube Fuids, minerals, 
vitamins, and proteins were started through the ureteral catheter immediately on her 
return to bed Intravenous fluids were not needed or used postoperatively m this case 
On the second postoperative day she \vas taking fluids and food by mouth On the 
fifth postoperative day she was taking sufficient fluids and food by mouth and fluids 
were no longer given through the ureteral catheter Her convalescence was uneventful 

Case 1 has been followed for eleven months and Case 2 for five months 
and both are in good health with no demonstrable ill effects from the use of 
the catheter The last three cases have been done m the last month and to date 
theie are no demonstrable ill effects from the use of the catheter In the first 
three cases a numbei of 5 French uieteial ladio-opaque catheter was used, 
in the last two cases a number 6 French ladio-opaque catheter Radio-opaque 
catheters were used so that their position could be checked by roentgen-ray 
In one of the cases using a number 5 Fiench catheter (this catheter had been 
previously used) the flow of amigen at times was not so rapid as desired, and 
for that leason number 6 Fiench catheters were used in the last two cases 
Othei liquid proteins can probably be admimsteied by this method 

SUMMARY 

A simplified method foi adequate feeding of patients following chole- 
dochostomy by choledocho-duodeno-jejunal intubation through the use of a 
nreteral catheter has been presented It has also been demonstrated that no 
fii effects nor delay in oral feeding is caused by this method 
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CARCINOMA OF THE PREMENOPAUSAL BREAST 
Endocrine Influence Suggested Clinically in 31 Cases 

Chakles M Waggoner, M D 
Columbia, Mo 

FROM THE DEPARTMENTS OF ROENTGENOLOGY AND PATHOLOGY, THE ELLIS FISCIIFI STATE CANCER HOSPITAL 

For many decades efforts have been made to associate features of ovarian 
functions with adenocarcinoma of the breast In animal experimental work 
many authors have shown ovarian factors to play major roles m the onset 
and development of bieast neoplasia, but no definite correlation has ever been 
proven between their findings and human cases “ The symbiotic effects of 
estrogenic substances on animal strain susceptibility suggests some correlation 
in cases such as those to be reported 

Chmcally, a reverse ovarian effect has been shown by the reported pallia- 
tion fiom oophorectomy in breast mahgnanc)^ That this effect has been 
greatest m premenopausal cases would be expected Actual carcinogenic effect 
by administration of estrogens has been suggested onl}^ in reports of breast 
malignancy occurring subsequent to ovarian therapy ” Such reported 
cases have been few in comparison to the widespiead administiation of these 
endocrines, and generally are imbued with the idea of coincidence This is not 
justified if susceptibility to breast malignancy is an individual factor in each 
patient, as is shown to be the case with animal strains On such a basis, the 
variable effect of estrogen administration would be expected The following 
case studied at this hospital suggested an association between ovarian factors 
and adenocarcinoma of the breast 

Case 1, NK, EFSCH No 3565 Hjslotv — This 44-year-old white woman 
was admitted to the hospital on December 8, 1941, stating that 6 months previously she 
consulted a local physician because of beginning irregulanty and oligomenorrhea, with 
severe nervous tension There were no signs or symptoms of pathologic alterations in the 
breast at that time She was given 20,000 I U of theehn over a 3 weeks’ period In 
August, both breasts simultaneously became hard and painful and the following Sep- 
tember she was given 75,000 more lU of theehn (15,000 weekly) At that time, the 
breasts showed diffuse tender nodularity In November, small subcutaneous nodules ap- 
peared throughout both breasts and the patient was sent to this hospital with a diagnosis 
of probable cystic mastitis 

Admission Eiamtnahon — ^The patient was a fairly well-developed, well-nourished 
female Both breasts were small, firmly nodular, with the nipples retracted and holding 
their position when the patient was recumbent Numerous small rounded subcutaneous 
nodules were noted in the skin about the breasts (Fig 1) The axillary nodes were 
bilaterally palpable and firm, but small The liver edge extended 5 fingerbreadths below 
the costal margin The pelvic examination was not remarkable Roentgenologic studies 
revealed widespread osteolytic metastasis involving ribs, vertebrae, pelvis, and cranium 
Biopsy of the breasts was diagnosed as carcinoma, possibly of acinar origin (Fig 2) 

Subsequent Course — ^The patient was discharged from the hospital on December 12, 
1941 with a hopeless prognosis On February 13, 1942 she returned to the clinic with 
jaundice of four week’s duration and an icteric index of 40 An attempt to perform a 
palliative cholecystojej unostomy failed because of metastatic spread along the biliary tree, 
including extensive involvement of the liver and gall bladder Liver biopsy revealed 
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extensive replacement by tumor tissue Limited exploration suggested a generalized peri- 
toneal spread of the tumor The patient recovered from the laparotomy and returned 
home as a terminal case 

To the amazement of the Staff, she returned for a clinical checkup on August 14, 
1942, exhibiting general clinical improvement with weight gam and regression in breast 
size (Fig 3) The icteric index was 7 This improved state continued until January 1, 
1943 when she returned with ascites, weight loss, paraplegia, and roentgen evidence of 
pulmonary metastasis In July 1943 these symptoms had all progressed, and the patient 
expired on September 8, 19 months after having been clinically in a terminal state of 
her malignancy 

AUTOPSY examination Gtoss Findings — The breasts appeared bilaterally atrophic, 
nodular, and fibrotic Examination of the thoracic contents failed to reveal any evidence 



Fig 3 — Case I Note spontaneous regression in size of both breasts 

(8-months follow-up ) 


of tumor metastasis Each pleural cavity contained approximately 300 cc of clear straw- 
colored fluid The peritoneal cavity contained 1000 cc of bloody fluid and revealed in- 
numerable small tumor implants The liver weighed 1,120 Gm and was almost completelv 
replaced by tumor metastases Several lumbar vertebrae were replaced by grayish-white 
tumor tissue The ovaries together weighed 30 Gm and were diffusely involved Meta- 
static adenopathy was not present in either the axillary or supraclavicular areas 

Microscopic Study — The tumor from the breast was composed of masses of tumor 
cells with some attempt at adenoid arrangement Individual cells varied considerably m 
size and shape They were uniformly quite irregular, with prominent nucleoli and pale 
pink cytoplasm Infiltration was present m the surrounding breast and fat, and in areas 
of tumor growth the normal breast parenchyma was obliterated Variable amounts of 
connective tissue stroma were present around the tumor and many small nests of tumor 
cells were present m lymphatics It suggested acinar epithelial origin The liver sub- 
stance was diffusely replaced by tumor tissue which was also present in the wall of the 
gallbladder and in lymph nodes around the porta hepatis The spleen and both lungs 
showed metastatic foci Bone marrow of the ribs and vertebrae was extensively implicated 
by tumor Both ovaries showed complete loss of ovarian substance by replacement with 
tumor tissue 
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COMMENT 

It was felt that this case presented two phases of possible ovarian influence 
on the breast malignancy first, the sequence of the original bilateral painful 
swelling of the breasts for four to five weeks, following the administration of 
estrogen substance The second course of therapy was followed by an atypical 
bilateral diffuse malignancy originating from acinar epithelium of the breasts 
and associated with a generalized metastasis These changes all occurred 
within the six-months period of theelm therapy which had started with clini- 
cally negative breasts Secondly, the regression of the hopeless picture of 
generalized metastases, biliary obstruction, and hepatic damage observed in 
February 1942, followed by progressive improvement for 10 months, was 
thought to be explained by the loss of ovarian substance which occurred with 
the peritoneal spread 

The theory of an endocrine factor in premenopausal breast malignancy 
has Its maximal support m the cases associated with the administration of 
hormonal theiapy Howevei, the occurrence of such a combination is too 
infrequent to offer significance except perhaps as it applies to the individual 
case Any hormonal influence which would be present in the majority of such 
cases would necessarily be as an endogenous factor 

On this basis, a study was made of all breast malignancies in patients 
under 50 3 ^ears of age who were admitted to The Ellis Fischel State Cancer 
Hospital piior to 1946 Since this lepiesented only a clinical study, specific 
endocrine factors could not be evaluated accurately , the evaluation was made 
on the endocrine balance as a whole picture This senes includes 39 cases , 30 
of these presented fairly definite clinical evidence of deviation from a normal 
hormonal balance 


Table I 

39 Cases were studied 

Group A — 25 were still in their normal menstrual life at the time of diagnosis of 
their tumor Of these 

1 16 (average age 46) gave menstrual histones of marked irregularity, includ- 
ing menorrhagia, oligomennorrhea, etc , dating from 5 to 28 years 

2 9 Gave normal menstrual histones without difficulties However, the age of 
this group still in active menstrual life averaged 49 8 years " 

Group B — 5 associated their growth’s appearance with the onset of menstrual 
abnormalities, menorrhagia, and/or metrorrhagia of a duration of 2 to 16 months 
Group C — 9 had undergone surgical termination of menses prior to the onset of 
their tumor 

^dule a fairly definite abnormal endocrine pattern was suggested in groups A-1 and B, 
roup C, forming 24 per cent of the total premenopausal cases, was the most suggestive 
of such an influence 
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The variety of operative procedures which these patients received would 
preclude any correlation of a resulting effect The presenting dysfunctions 
listed as necessitating suigical intervention all paiallel the idea of a pre- 
existing seveie endociine imbalance It would not be expected that such a 
hormonal pattern would be coriected by a suigical menopause 

CONCLUSION 

The specific factors m the pattern of a malignant process remain unknown 
It has been suggested by the cases presented that breast susceptibility to such 
a cellulai change may be a variable, modified by the endocrine pattern Clini- 
cally and pathologically our premonopausal group exhibited a virulent neo- 
plasia, frequently including acinar epithelial elements, and associated with an 
endocrine pattern varying from physiologic normalcy A promient group of 
our cases presented a history of endogenous endocrine dysfunction, requiring 
previous surgical menopause While the effect of estrogen administration 
cannot be evaluated accurately m its relation to premenopausal breast malig- 
nancy, it appears significant in the case presented 
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BOOK REVIEW 

“The Aseptic Treatment of Wounds” 

By Carl W Walter, M D , the macmillan company, 

NEW YORK 

llie publication of this important woik marks an epoch in the history of 
surgery which competes in impoitance with many of the events in the evolu- 
tion of asepsis outlined hy the authoi in his opening chapters Bringing to his 
subject the combined knowledge of the surgeon and the engineer, Dr Walter 
has assembled in this volume the results of a decade of research and systematic 
compilation of data on the technology of asepsis The title was selected for 
historical reasons as a tribute to Curt Schimmelbusch, who published in 1893 
the first monograph on aseptic technic entitled “The Aseptic Treatment of 
Wounds,” from which the first chapter of the new book is a verbatim quotation 
However, in choosing this title the authoi has failed to convey a true indication 
of the breadth and encyclopedic detail of its content 

Starting with a comprehensive historical review of antiseptic and aseptic 
suiger)'’, the author then discusses from scientific, technologic, and practical 
■'uewpoints the destruction of bacteria by chemical and physical agents The 
thermal and bacteriologic charactei istics of heat sterih7ation are presented in 
great detail, much of the data being deiived from the author’s own authori- 
tative research in this field, and specific technics are described for sterilization 
of each item of equipment emplo 3 'ed in the opciating theater The usefulness 
and limitations of chemical disinfectants in sterilization of instruments and 
skin are thoroughly considered Full bibliographic references are supplied foi 
each topic and constitute one of the most valuable features of the book All 
of the procedures connected wuth piovision of a sterile operative field, including 
the design and packaging of kits, the treatment of skin of patients and personnel, 
the control of air borne infection, the di aping of the patient, and the w^earing 
apparel of the surgical team, are taken up m clear and ordeily fashion and 
illustrated by a profusion of excellent line diawungs 

The concern which the author displays for preservation of the hfe of 
materials and instruments will 1 e w'elcomed by the hospital administrator The 
surgical chief and the operating room supervisoi will find this book a 
standard reference by w^hich to judge, in their owm hospitals, the adequacy and 
efficiency of technics wh’ch may be rooted in fad and fancy rather than in the 
solid scientific data which support Dr Walter’s i ecominendations He again 
goes beyond the limits of Ins title in his chapters on “Preparation of Parenteral 
Fluids” and “Blood and Plasma Facilities,’ but the hospital staff committee 
harrassed by an outbreak of infusion and transfusion reaction will be grateful 
to find the probable answei to their problem in this section The hospital 
plumber or sanitation engineei will also have occasion to refer to this volume 
in connection with the maintenance and operation of sterilizing facilities and 
plumbing equipment It may be hoped that the publication of this book will 
prompt the personnel of each and everj'^ hospital to re-examine its equipment 
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and its manual of piocedures, and its practical use thereof Careful observance 
by the hospital staff of the principles and practices outlined in this nionogi aph 
will leave to the individual surgeon the inescapable and undivided responsibility 
foi the quality of healing of his clean oerative wounds 

However efficient the modern complex hospital organization may be, it does 
not possess the “aseptic conscience” , that is a personal quality of the individual 
-urgeoii and nurse and must be inculcated into every potential membei of 
an operating team through intelligent teaching and precept Here is a superb 
text for this purpose 

John S Lockwood, M D 


LETTERS TO THE EDITOR 




Dear Sir 

The article entitled “Patho-physiology of the Cause of Death from Coro- 
nary Thrombosis,” by Gordon Muiray, which appealed m the October, 1947, 
issue of the Annals of Surgery, lequires comment, especially in view of the 
broad clinical implications drawn by the author 

1 It should be noted that a description of the mechanical changes occul- 
ting in the zone of experimentally produced myocardial infarction was pub- 
lished by Tenant and Wiggers m 1935 (“The Effect of Coronry Occlusion 
on Myocardial Contraction” — Am J Physiol, 112 351,1935) The “Para- 
doxical Systole” observed by Murray was recorded and analyzed in great 
detail by Tennant and Wiggers with the aid of an optical recoiding Myograph 
Simultaneous pressure pulses from the aorta oi left venti icle were also recorded 
optically The observations made by Muiray confiim, but do not extend those 
pieviously made by Tennant and Wiggers No acknowledgment of this prioi 
work is made by Murray 

2 Although it IS undoubtedly true that cardiac output will diminish in 
these expeiiments as a lesult of a fall in blood piessure (assuming a constant 
peripheral resistance), the method used by Muiray for measuimg left ventri- 
cular output IS crude and haidly reliable 

3 It IS incorrect to assume that the loss of contractility in the zone of 
myocardial infarction results in a state in any way similar to that which occurs 
following the development of a peripheral arteriovenous aneurysm The pri- 
mary hemodynamic alterations in A-V aneurysms are the result of the A-V 
shunt This does not exist in myocardial infarction It has been demonstiated 
that A-V aneurysms produce increased cardiac output, elevation of systolic 
and depression of diastolic pressure, and increased blood volume Acute myo- 
cardial infarction results in very different, almost opposite changes 

4 The implication that practically all animals who are subjected to experi- 
mental coionary ligation die is not m accord with the fact, since it is well 
known that the survival rate of such preparations is about 50-75% Control 
experiments are not described and refen ed to only obliquely 

5 The implication that infarction of the interventricular septum has a 
nettei prognosis than infarction elsewhere in the myocardium is not m accord 
with facts 

„„ ^ The mortality from acute m5mcardial infarction m human beings is 
^■25% in the first 6 weeks following the clinical episode The use of anti- 
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coagulant drugs may reduce this to 15-20% Hence, the prognosis following 
myocardial infarction is not as pooi as implied hy the statement “ Medical 
treatment is so inefifective and is entirely neljiless ’ The suigical iisk 
involved in excising a segment of myocardium fiom a patient with a recent 
myocardial mfaiction cannot he dismissed as glibly as docs Muriay and would 
probably far exceed the 15-20% mentioned above Furthermoie, it will be 
rather difficult foi cardiologists to accept the undocumented statement, “The 
question of the anesthetic is not a serious one, because there is some evidence 
to suggest that a patient under ethei anesthesia^is in less danger with a coro- 
nary occlusion, than he is without the anesthetic ” 

7 Although Murray obtained an 80% suivival rate following excision of 
the mfarcted myocardium, similar experiments done by Drs E Sinaiko, 
B Kondo and myself on a small series of dogs in the Cardiovascular Depart- 
ment of Michael Reese Hospital (unpublished), resulted in a mortality rate 
of 100% 

I believe that one should approach the clinical application of excision of an 
area of myocardial infarction with considerably moie reserve than exercised 
by Murray 

Since) cly, (signed) M R Malikow, MD 
Ciiief of Clinical Investigations 
“Pabellon Inchauspe de Cardiologia” 
Hospital Ramos Mejia 
Buenos Aires, Argentina 

De\r Sir 

Thank you for voui letter regarding a communication from Dr Malinow 
of Buenos Aires I was glad to receive the refeience m tiie American Journal 
of Physiology I have looked this up and have noted — That Tennant and 
Wiggers in their article described a very nice instrument vhich has been 
placed on the area of infarction and which demonstrated first of all the con- 
traction and subsequently the expansion of the mfarcted area dining systole 
They made no observations regarding the relationship of the area involved 
to the actively contracting muscle of the ventricle elsewheie They made no 
observations on the blood pressures or on the cardiac output before and after 
the occurrence of infarction of a portion of heart muscle They did not prove, 
as we have done, by excision of the mfarcted aiea, that the effect produced 
in the general circulation of the animal and as well the cause of death, aie 
the result of this expansion chamber, or as labelled “paradoxical systole” in 
the ventricle 

In my article the premises for the investigation was, as stated, 1 ) To 
explain why patients run a low blood pressuie following infarction of the 
heart and, 2 ) Why the patients die I think careful perusal of the article 
will show that the cardiac output is cut down to such an extent and the blood 
pressure falls to such an extent on this account that the animals are unable to 
survive, and the proof of this is that when the mfarcted aiea is excised and 
the experiments are satisfactorily completed, the leverse is true 

Since) ely yarns, Gordon Murray 
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